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PREFACE. 



The first edition of this treatise was published in the 
year 1842, the fifth in 1857. Each edition has been in 
good part rewritten, — the present one entirely so, — and 
the compass of the work is now extended. More element- 
ary works than this, such as the author's First Lessons in 
Botany (which contains all that is necessary to the prac- 
tical study of systematic Phsenogamous Botany by means 
of Manuals and local Floras), are best adapted to the 
needs of the young beginner, and of those who do not 
intend to study Botany comprehensively and thoroughly. 
The present treatise is intended to serve as a text-book 
for the higher and completer instruction. To secure the 
requisite fulness of treatment of the whole range of sub- 
jects, it has been decided to divide the work into distinct 
volumes, each a treatise by itself, which may be indepen- 
dently used, while the whole will compose a comprehen- 
sive botanical course. The volume on the Structural and 
Morphological Botany of Phaenogamous Plants properly 
comes first. It should thoroughly equip a botanist for the 
^ scientific prosecution of Systematic Botany, and furnish 

^ needful preparation to those who proceed to the study of 

^ Vegetable Physiology and Anatomy, and to the wide and 

-7 varied department of Cryptogaraic Botany. 
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The preparation of the volume upon Physiological Bot- 
any (Vegetable Histology and Physiology) is assigned to 
the author's colleague, Professor Goodale. 

The Introduction to Cryptogamous Botany, both struc- 
tural and systematic, is assigned to his colleague, Professor^ 
Farlow. 

A fourth volume, a sketch of the Natural Orders of 
Phaenogamous Plants, and of their special Morphology, 
Classification, Distribution, Products, &c., will be needed 
to complete the series : this the present author may rather 
hope than expect himself to draw up. 

ASA GRAY. 

Herbabium of Harvard Uniyeksitt, 

Cambridge. 



Eor convenience, volume second, devoted to Physio- 
logical Botany, is divided into two parts. Part First com- 
prises the Outlines of Vegetable Histology ; Part Second, 
soon to appear, deals with Vegetable Physiology. 

Part Second will be furnished with a complete Glossary 
of the terms employed in Physiological Botany, and will 
contain a full Index to the present volume. 

Cambridge, January, 1885. 
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INTRODUCTION. 



HISTOLOGICAL APPLIANCES. 

The instruments and other appliances used in the exami- 
nation of minute vegetable structure are, with the exception of 
a few special ones to be considered later, the following : — 

1. Simple microscope. For the preliminar3' preparation of 
many objects, a simple stage-microscope is indispensable. It 
should be furnished with only the best lenses, preferably doub- 
lets or triplets, magnifying from ten to at least twenty diameters. 
The glass portion of the stage should be not less than an inch 
and a half in diameter ; supports at the sides of the stage, on 
which the wrists may rest during dissections, are of considerable 
use. If the compound microscope described below is provided 
also with an inverting eye-piece and with an objective of long 
focus, it can be made to serve for most dissections ; otherwise a 
simple microscope should always be at hand. 

2. Compound microscope. When reduced to its simplest terms, 
this consists of a stage, or flat support for the object to be ex- 
amined, an adjustable tube caiTying two combinations of lenses, 
the objective and the eye-piece, and finally some means of illu- 
minating the object. The desiderata to be borne in mind in the 
selection of a compound microscope for use in Vegetable His- 
tology, are : excellence in the optical parts, ease and steadiness 
in their adjustment, and simplicity of construction. Other things 
being equal, a microscope with a short tube and with a low 
stand will be most convenient, on account of the large number 
of cases in which reagents must be employed, their application 
requiring a horizontal stage. 

1 
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3. Three objectires and two eye-pieces, from combinations of 
which magnifying powers of forty to eight hundred diameters 
can be obtained, will suffice for nearly all the histological work 
described in this volume. Two objectives and a single eye- 
piece furnishing powers of sixty to five hundred diameters are 
enough for all ordinary investigations of minute structure. Ade- 
quate and convenient illumination is secui'ed by a plane and a 
concave mirror under the stage. If this is supplemented by an 
achromatic condenser, so much the better. The stage, prefer- 
abh' thin, should be provided with a perforated revolving disc, 
or other suitable s^'stem of diaphragms, by which its central 
aperture can be made larger or smaller. 

4. The student ought, at the outset of his work, to make 
himself familiar with the principal effects which are produced 
in the appearance of the object in the field of the microscope, 
by changes in the amount and direction of the light thrown by 
the mirror. Details can sometimes be brought out clearly by 
oblique illumination, which are only faintly, if at all, seen in 
direct light. 

5. In general, low magnifying powers are to be preferred to 
higher ones ; and combinations of high objectives with low eye- 
pieces, securing a given magnifying power, are alwaj^s better 
than those in which low objectives and high eye-pieces are used 
to obtain the same enlargement. 

6. The slips of glass, or " slides," upon which microscopic 
objects are commonly prepared and preserved, are three inches 
(76 mm.) long by one inch (25 mm.) wide. This is for most 
cases a more convenient size than that frequently employed in 
Germany ; namely, 48 X 28 millimeters. The glass should be 
free from color and from imperfections. The preparation to be 
examined under the microscope should be covered with a disc 
of thin glass before it is brought under the objective. Perfect 
cleanliness of slide and cover-glass is absolutel}'^ necessary in all 
examinations, and must be secured by the exercise of scrupulous 
care.^ 

7. Dissecting instmments. Sharp delicate needles, by which 

1 For cleaning glass perfectly, the following preparation may be used : — 
A strong solution of potassic bichromate to which about half as much con* 
centrated sulphuric acid is cautiously added. To this mixture add an equal 
volume of water. The glass slips, or covers, are to be kept in this solution for 
a short time, and then thoroughly rinsed in pure water, after which they may 
be dried with cloth or wash-leather. For ordinary use alcohol of usual strength 
answers the purpose very well. 
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the parts can be separated by teasing, are often better than 
an}^ cutting instruments. The}' are indispensable in the ex- 
amination of very j^oung flower-buds, and of great use in the 
isolation of tissues under the dissecting microscope. 

8. Sufficiently thin sections of soft parts may be made by any 
keen-edged knife. A razor of good qualit}' is generally to be 
preferred to the ordinary dissecting scalpel, since its wide and 
stiff blade can be held with greater steadiness, and its steel 
admits of as sharp an edge. As a rule, the razor should be 
dipped in water before using, as this permits the steel to pass 
more easily through tissues.^ If the parts from which sections 
are to be made are too small to be held in the fingers, they can 
be firmly seized between slices of pith. It is often convenient 
to imbed the object in paraffin or in an alcoliolic solution of 
soap.^ These melt below the temperature of boiling water, but 
are solid at ordinary" temperatures, and the latter, if properly 
made, is transparent. A little of the melted imbedding sub- 
stance is ponred into a small cone of glazed paper, and when it 
begins to cool, the object is placed in the middle of the mass. 
Upon complete cooling it is firmly held therein. 

Before putting the object into paraffin it should first be satu- 
rated with alcohol, and this replaced by benzol or oil of cloves, 
in order to enable the paraffin to hold the specimen firmly. The 
paraffin may be dissolved away from the sections by application 
of benzol, oil of cloves, or turpentine (see also 110). 

9. Thin sections are best removed from the knife by a 
oameFs-hair pencil, and are to be placed at once in water or 
some other liquid. Except in certain cases, water ma}'' be used 
as a medium for the preliminary examination of sections. 

10. Microtome. Any of the simpler microtomes, or section- 
cutters, will be convenient in much histological work, and of 
great use in the preparation of a series of sections from any 
very minute object, since this permits them all to be of exactly 
the same thickness. 

11. Measurements. Microscopic objects are measured by 
micrometers. The ej'e-piece micrometer can be more rapidly 
used than one on the stage of the instrument; and if its value 

1 Advantage is frequently gained by moistening the edge of the knife with 
dilute potassic hydrate before dipping it in water, thus removing traces of 
oil which may have adhered to it during sharpening. But potassic hydrate 
should not be used in this way if reagents are to be subsequently employed. 

2 Made by dissolving enough of any good transparent soap in hot alcohol, 
to form, upon cooling, a firm, clear mass. 
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for the different objectives and for the length of tube has been 
determined accurately, it is usually preferable. 

The values of the spaces in the ej^e-piece micrometer are 
ascertained by comparison with known values of the spaces on 
a standard stage micrometer ; for example, if one space in the 
eye-piece micrometer corresponds to five spaces of the stage 
micrometer, and the latter has a value of one thousandth of a 
millimeter, each space of the former equals five thousandths of a 
millimeter. 

The unit of microscopic measurement is the " micro-milli- 
meter,"^ one thousandth of a millimeter. It is expressed by 
the Greek ju.. 

12. Drawing. An image of the object under the microscope 
may be cast by reflection upon paper at the side of the micro- 
scope, by means of a Camera lucida. Several forms of the 
Camera lucida are adapted to use with the tube of the micro- 
scope in a vertical position, and are more convenient for the 
majority of cases coming within the scope of the present work. 
Oberhauser's, Milne Edwards's, and Abbe's are of this kind. 

13. Polarizing apparatus. This is of great use in the exami- 
nation of certain contents of cells. It consists of two Nicol 
prisms, one below the stage of the microscope and receiving 
the light which is reflected from the mirror, the other in the 
eye-piece. Upon turning one of the prisms, distinctive op- 
tical characters, not otherwise seen, are presented by grains of 
starch, etc. 

14. Media and reagents. The fluid in which a microscopic 
specimen is submitted to examination is technicall}' known as its 
medium. Chemical agents subsequently added for the purpose 
of producing changes by which the chemical character of the 
objects may be recognized, are termed reagents. Some of the 
media, however, in common use produce characteristic changes 
in certain cases, and might be as truly refeiTed to the latter 
class as several of the reagents themselves. The substances in 



For convenience of reference, the following table of comparative measure- 



ments is given : — 



Inches. u Inchss. Inches. /x. 
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1 000039 

2 000079 

3 000118 

4 000157 

6 000197 



6 000236 

7 000276 

8 000315 

9 000354 

10 000394 



One meter = 39.370432 inches. 



TTriinr= 2.5399 

r^ = 25.3997 
3-^ =253.9972 
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which microscopic specimens are preserved are termed mounting- 
media. 

15. Media. In all ordinar}^ cases pure water is the best 
medium in which to place the object for examination. If dis- 
tilled water cannot be procured, filtered rain-water or melted ice 
will answer perfectl}'. In some instances water produces an 
immediate change either in the cell-wall or in the contents of 
the cells. For instance, the superficial cells of the coats of 
many seeds swell up at once when they are placed in water, and 
lose their former shape ; on the other hand, important contents 
in the seeds of many plants are dissolved immediately when the 
sections are moistened. Hence, other media must be sometimes 
substituted for water. Absolute alcohol (see 40) is the most 
useful for meeting the cases above referred to. Thus, if a sec- 
tion of a seed- coat be first examined in absolute alcohol, "and the 
alcohol be gradually replaced by water as directed in 17, the 
changes due to water will take place slowly, and can be watched 
throughout. For the cases in which the cell contents are sus- 
pected of undergoing change from water, castor-oil is a useful 
medium. If thought best, this can be removed subsequently 
from the specimen by alcohol or ether, and the latter in turn 
may. be made to give place to water, and the changes can be 
followed with certaint}'. 

16. Glycerin (see 60), either concentrated or somewhat 
diluted with water, is a highl}" useful medium, imparting a good 
degree of transparency to most specimens. It withdraws a part 
of the water of the cell-sap, and in the case of thin-walled cells 
this is followed b}' some change of form. The remarkable efl'ects 
produced upon some of the contents of cells by the action of 
glycerin and similar agents will be referred to under Plasmolysis. 

17. One medium may be replaced by another by the careful 
use of bibulous paper. Good filtering paper is the best for this 
purpose. If a little of the liquid which it is desired to place 
under the cover-glass be put at the edge of the cover, and the 
opposite edge be then touched lightl}' with the paper, the liquid 
will be at once drawn through. By successive applications of 
the same liquid, the specimen can be thoroughly washed without 
removal of the cover-glass. 

18. Reagents. Four reagents are in very common use in 
nearly all histological examinations ; namel}'', caustic potash, a 
solution of iodine, an acid, and a staining agent. Even in ordi- 
nary cases, however, it is desirable to have a somewhat wider 
choice than this, and therefore the following brief hints are 
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given as to the preparation and employment of some of tiie 
most useful reagents. More detailed directions must be sought 
in special treatises upon micro-chemistry.^ The list and the 
general rules here given will serve for most investigations. 

19. It is best to try first a very small amount of the reagent, 
and carefull}^ note its effect before adding more. If it is neces- 
sary to increase the amount, draw a little through by means of 
bibulous paper, as previously directed. Many reagents are slow 
in producing their effects. Hence some time must be allowed to 
elapse before one reagent is replaced by another, and it is well 
in some cases to apply slight heat to accelerate or increase the 
action ; but this must be very cautiously done. 

20. If one reagent is to be followed by another, attention 
must be given to the effects which the reagents have upon each 
other, or upon the medium, as well as upon the specimen. For 
instance, small dark crystals of iodine separate from an alcoholic 
solution when this is brought into contact with water. Removal 
of the cover-glass is advised in all cases where one reagent is to 
be washed out before the application of a second, or where one 
is to be immediately followed by another, provided the specimen 
is not so delicate as to be disturbed by it. Some parts of the 
specimen are apt to escape action, if the washing or the intro- 
duction of several reagents in these operations is conducted 
without lifting the cover; but bj' the exercise of great care 
both these operations may be carried on successfully by the use 
of bibulous paper without removing the cover-glass. 

21. Owing to their importance, potash and iodine are de- 
scribed first. The other reagents are given in alphabetical 
order, for convenience of reference. 

22. Potash^ Potassic hydrate^ Caustic potassa^ are names 
interchangeably given to white solid potassa and to its solutions. 
This substance absorbs carbonic acid so eagerly from the air, 
that it must be kept in glass-stoppered bottles. To prevent the 
stoppers from becoming fastened by the action of the alkali on 
the glass, it is well to smear them with vaseline or paraffin. 

23. Solutions of two strengths are used. I. Concentrated. 
Solid potassa is dissolved in the smallest amount of water (not 
far from half its own weight) by which it will become liquid. 
This dense syrupj^ liquid is too strong for ordinary use. II. A 
common solution made with one part of solid potassa in three, 

1 Consult the following : Botanical Micro-Chemistry, by Poulsen, translated 
by Trelease (Cassino, Boston), 1884. Hilfsbuch by Behrens (Schwetschke, 
Braunschweig), 1884. 
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five, or ten parts of water, depending upon the particular ca^e 
in which it is to be used. 

24. For use as a macerating agent in separating cells, a strong 
solution is preferable, and is more efficient when it is slightly 
warmed. For dissolving or rendering transparent most of the 
contents of cells, more dilute solutions are better. Owing to the 
prompt effect produced on the cell-wall, and upon the contents 
of cells, especially of j^oung ones, a moderately strong solution 
of potassa is the most useful clearing agent that we have. After 
a mass of tissue, for instance an embrj^o, has been acted on by 
a solution of potassa until it has become translucent, it is to be 
cautiously subjected to the action of an acid, preferably acetic 
or hydrochloric, and then washed. A second treatment, or even 
a third, ma}'^ be necessary to make the object sufficiently clear. 
Sometimes, however, the potassa renders the tissues too nearly 
transparent, in which case they may be slightly clouded by a 
little alum-water. This process of clearing tissues was first 
used by Hanstein in the examination of the tissues at points of 
growth, and it is of very wide applicabilit3\ 

25. Some structures are darkened at first by the use of 
potassa, but cautious treatment afterwards with a dilute acid 
and a second application of potassa will generall}' produce a 
good degree of transparency. 

26. Potassa is a solvent for many of the substances which 
incrust the cell-wall, but in most cases the solutions must be 
used warm ; in a few instances heated even to boiling. The 
cell-wall, washed after such treatment, will give the cellulose 
reactions (see 145). Suberin can thus be removed from the 
cell-walls of cork, forming with the potassa yellowish drops. 

27. As the aqueous solution of potassa causes considerable 
swelling of the cell-wall, it is desirable to have also at hand 
an alcoholic solution. This is best made by mixing 95 per 
cent alcohol with a strong aqueous solution of potassa until a 
cloudiness appears. The mixture is then to be shaken fre- 
quently, and, after a day or so, the clear liquid above is to be 
carefully poured off. This solution may be diluted with alcohol 
if necessary.^ 

28. Solutions of caustic soda can replace potassa in most 
of the foregoing reactions. The special cases in which these 
alkalies are employed for the identification of certain contents 
of cells will be described later. 

^ Russow's Potash-alcohol. 
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. 29. Iodine, This element is only very slightly soluble in 
pure water. Upon exposure to strong light, however, a some- 
what larger amount of iodine passes into solution after a while, 
owing probably to formation of h\'driodic acid. If it is neces- 
sar\^ to examine the effect of iodine alone, as in certain parts of 
Lichens, a fresh solution should be used. In fact, it is recom- 
mended that in such cases a minute fragment of solid iodine be 
placed in pure water under the cover-glass at the moment of 
examination. 

30. But for all ordinary examinations, a solution of iodine in 
water which contains iodide of potassium is used. The propor- 
tions employed vary widely. A convenient strength is obtained 
by dissolving one gram of iodine and five grams of potassic 
iodide in enough water to make one hundred cubic centimeters. 
Even this solution is too strong for some purposes. In a few 
cases a different solution is advised, made by dissolving five 
centigrams of iodine and twent}' centigrams of potassic iodide in 
fifteen grams of water. ^ But, in general, dilute solutions are 
preferable. 

31. A solution of iodine and iodide of potassium in gh'ce- 
rin is employed by some. An alcoholic solution is sometimes 
useful. 

32. Iodine is a characteristic test for starch, to which it 
imparts a blue color, depending for its depth chiefly upon the 
strength of the solution. Iodine in absolute alcohol gives with 
dry starch a brownish color ; if the alcohol is not absolute, that 
is, anhydrous, a blue color is given as with ordinary aqueous 
solutions. 

33. In most cases cellulose is colored pale yellow to deep 
brown by iodine. If the specimen is acted on by concentrated 
sulphuric acid, either just before or just after the application 
of the iodine, a blue color appears. This reaction for cellulose 
is disguised by various incrusting matters, which can be removed 
by strong acids or alkalies ; after their removal the washed 
specimen will give the characteristic cellulose reaction (see also 
143). 

34. Iodine and a metallic iodide in a strong solution of chlo- 
ride of zinc form a ver}^ useful reagent for cellulose, to which a 
blue color is given. The reagent is easily made by dissolving 
pure zinc in concentrated hj'drochloric acid until there is no 
further action of the acid. The solution, with a little metallic 

1 Poulsen. 
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zinc still undissolved, is to be evaporated to a syrupy consist- 
ence, saturated with potassic iodide, and lastly enough pure 
iodine added to render the whole a deep red or brown. Cell- 
walls that have incrusting matters, for instance, cork-cells and 
most wood-cells, are turned yellow by this reagent. It is known 
as Schulze's reagent. Behrens advises the preparation of modi- 
fications of this important reagent, all depending on the relative 
amount of iodine and the degree of dilution. A little practice 
in their use will suggest the cases to which each is specially 
applicable. Solutions of iodine color protoplasm, and other 
albuminoid bodies, yellow to deep brown. 

35. Owing to the tendency of iodine solutions to form hydri- 
odic acid, it is recommended by many authors that they be kept 
out of the light ; but this precaution is not necessary unless the 
investigation calls for pure iodine alone ; in such a case it is 
better to use only freshly prepared solutions. 

The following reagents are arranged in alphabetical order. 

36. Acetic acid. Glacial acetic acid diluted by two or four 
parts of water, or the ordinary concentrated acid of the shops, is 
used (1) to neutralize the alkali in Hanstein's method (see 24) ; 
(2) to discriminate between oxalates and carbonates, the latter 
dissolving with effervescence in it, the former remaining un- 
changed in it, but dissolving quietly in hydrochloric acid ; (3) in 
the study of the nucleus. 

37. Alcohol. Common strong alcohol, or the so-called " 95 
per cent," is widely employed for the preservation of micro- 
scopic material. In it soft tissues become hardened. This is a 
great advantage in the case of specimens which are too yielding 
to be cleanly cut when fresh. If it is desirable to again soften 
tissues which have been hardened by the action of alcohol, it is 
merel}' necessary to soak them for a short time in water, when 
they will assume nearly the consistence they had when fresh. 
This reagent produces certain marked changes in the contents of 
vegetable cells : the protoplasmic matters become more or less 
shrunken, many oils and fats are dissolved, and certain sub- 
stances in solution in the cell-sap are separated out (see 183). 

38. The air which occurs in intercellular spaces and in all 
dry specimens is generally removed with ease by the action of 
alcohol, especiall}^ if a little heat is applied. 

39. Alcohol is of use also in the preparation of some of the 
staining agents. 

40. Absolute alcohol contains only the merest trace of water. 
Hence it must be used instead of ordinarv alcohol whenever the 
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specimen is afTected bj' water, as is the case with mucilagi- 
nous tissues, crystalloids, etc. As a reagent for use under the 
cover-glass it is more satisfactoiy than common alcohol, but 
in keeping it the greatest care must be exercised to exclude 
moisture. 

41. Alum, Either potash- or ammonia-alum may be used to 
diminish the transparency of cells which have been acted on by 
potassa (see 24). Alum is a mordant in some of the processes 
for staining (see 98) . 

42. Ammonia, Aqueous ammonia may replace the fixed 
alkalies, potassa and soda, but possesses no advantage over 
them except in its somewhat slower and less violent action. 
For its use in the examination of albuminoids, see 125. Its 
principal use in microscopy is in the preparation of certain 
staining agents (see 77) and cuprammonia. 

43. Anilin chloride. Dissolved in alcohol, this reagent im- 
parts a pale j^ellow color to lignified cell-walls. Upon addition 
of hydrochloric acid, the color is much deepened. This is Hohnel's 
test for lignin. 

44. Anilin sulphate. This substance in aqueous or alcoholic 
solution gives to lignified cell-walls a pale yellow color, which is 
much deeper when the reagent is followed by sulphuric acid, — 
Wiesner's test for lignin. 

45. Argentic nitrate^ or nitrate of silver, in extremely dilute 
alkaline solution freshty made, has been recommended for dis- 
criminating between living and dead protoplasm, the former 
turning dark, the latter remaining unchanged (see details in 
Part II.). 

46. Asparagin. A concentrated solution of asparagin is 
suggested by Borodin for the recognition of asparagin itself 
when its cr3'stals have been fonned in tissues blanched by dark- 
ness. 

47. AurxG chloride^ long used for staining preparations in 
animal histology, has been somewhat employed for coloring the 
cells of certain lower plants, and in the same manner as argentic 
nitrate, for detectihg the condition of protoplasm. 

48. benzol is a powerful solvent for various vegetable fats 
and resins. It is also used for the preparation of benzol-balsam 
(see 112), and in dissolving parafldn (see 8). 

49. Calcic chloride, Treub employs this for clearing tis- 
sues. The fresh section, after having been moistened by a 
little water, is covered with dry powdered chloride, warmed 
until it is about dry, and afterwards placed in a little water. 
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From this it is to be transferred to glycerin, where it soon 
becomes clear. ^ 

50. Calcic hypochlorite in aqueous solution bleaches many 
tissues without the use of an acid, but, in general, specimens 
which have been subjected to its action are more thoroughly de- 
colorized if they are subsequently placed in dilute hydrochloric 
acid, washed in pure water, and finally transferred to glycerin. 
Preparations which have been bleached by this method are easily 
colored by some of the staining agents described on page 15. 
Sodic h3'pochlorite maj^ replace it in all cases. 

51. Carbon disnlphide is used as a solvent for fats. 

52. Carbolic acid, or phenol, dissolved in the least quantity 
of concentrated hydrochloric acid which will take it up, gives 
a green color with lignified cells. It is better to add to a few 
drops of the strongest hydrochloric acid a small quantity of 
crystallized phenol, warm the mixture slightly, and upon its 
cooling add enough acid to remove any cloudiness. 

53. Chloral hydrate in aqueous solution is recommended by 
Arthur Meyer ^ as a clearing agent. Two parts of water are 
added to five parts of chloral, and used somewhat above the 
temperature of 15° C. 

54. Chromic acid. The pure acid, in strong solution, acts 
promptly on cell-walls, dissolving all except those which are 
silicified and those which are cutinized. Even the latter yield 
to prolonged action. If the solution is more dilute, the action 
goes on only so far as to cause swelling of the cell-wall, bring- 
ing out, in special cases, a very distinct stratification. Solutions 
which are so dilute as to be merely pale yellow cause hardening 
of soft tissues, and this acid therefore forms an excellent adju- 
vant to alcohol for this purpose (see Part II.). 

55. Cuprammonia. To a solution of cupric sulphate add 
enough soda (or potassa) to produce a precipitate. After 
removal of the excess of liquid by filtration, place the precipitate 
in a fiask, wash once with water which has been freed from air by 
boiling, and then dissolve the mass in the least quantity of con- 
centrated ammonia which will take it up. The freshly prepared 
solution should act promptly on delicate fibres of cellulose, 
cotton for example, causing them to swell and apparently pass 
into solution. Lignified and cutinized cell-walls are not acted 



1 Flahault: Accroissement terminal de la racine. Ann. des Sc. nat., 1878. 
vi. p. 24. 
^ Das Chlorophyllkom, Leipzig, 1883. 
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upon until the foreign matter has been removed by the agents 
previously spoken of (see 26). 

This reagent, known as Schweizer's,* possesses its chief in- 
terest from the fact that it is the only liquid known in which 
cellulose appears to dissolve without essential change of compo- 
sition. It has a limited application in the discrimination of 
fibres used in the arts. 

56. Gupric acetate in aqueous solution is used as a preparatory 
liquid for the examination of resins. The part to be examined 
is kept in a concentrated solution for some daj's, and sections 
are then made from it. If certain resins are present, they will 
appear of a green color. The above is Franchimont's test based 
on a reaction discovered by Unverdorben.^ 

57. Cupric sulphate in saturated aqueous solution is used 
for the detection of certain carbohydrates (see 184) and albumi- 
noidal matters (see 124). Commercial blue vitriol, recrystallized 
two or three times, will answer for all ordinary cases. 

58. Ether is used as a solvent for fats, etc. 

59. Ferric chloride in aqueous solution was formerly recom- 
mended as a test for the tannins ; * the tannin of oak-bark be- 
coming bluish-black ; that in the leaves of the sumach, greenish- 
black. But the distinctions are not constant. Ferric acetate 
and sulphate are now more generally used than the chloride as 
a test, and are better. 

60. Glycerin. Only the purest glj'cerin should ever be em- 
ployed in microscopic examinations. The following are among 
the most important of its many applications: 1. In clearing 
specimens. It is used not only as an adjuvant in the Hanstein 
and other methods of clearing, but, in many cases, it serves well 
without any other reagent. 2. To cause withdrawal of water 
from fresh cells, the degree of effect depending on the strength 
of the gljxerin. 3. In the examination of protein granules 
(see 175). 4. As a test for inulin ; this substance separates 
sooner or later in the form of sphaerocrystals. 5. As a solvent 
for iodine (see 31). 

61. Hydrochloric add. Pure concentrated acid is one of the 
most satisfactory agents for the maceration of woody tissues. 
When dilute, it serves for the discrimination between carbonates 
and oxalates, the former dissolving with effervescence, the latter 

1 Schweizer : Vierteljahrsschrift natur. Ges., Zurich, 1857. 

2 Behrens: Hilfsbuch, p. 377. 

^ Watts's edition of Fownes's Chem., p. 672. 
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without. It must be remembered that acetic acid dissolves 
carbonates, but not oxalates (see 36). 

This acid has been used b}^ Pringsheim ^ in the study of 
chlorophyll grains ; fresh sections of tissues containing chloro- 
phj'll being exposed to the action of the acid for some hours. 
From the grains, minute spheres of a brownish color become 
nearly detached, and these afterwards appear as clusters of 
acicular crj^stals (see Part II.). Hydrochloric acid is also of 
use in the examination of some protein matters (see 124). 

62. Indol (NiggFs test^ for lignin) is used in an aqueous so- 
lution. The specimen, subjected to the action of the solution for 
a few minutes, is transferred to sulphuric acid of specific gravity 
1.2 (made \iy adding one part of concentrated acid to four parts 
of water). Lignified structures become red. 

63. Mercuric chloride^ or corrosive sublimate, dissolved in 
fifty parts of absolute alcohol renders protein grains insoluble 
in water. Pfeffer* recommends that the specimen should remain 
in this reagent at least twelve hours. Dippel* uses a dilute 
aqueous solution (1 in 500) to render visible the currents in the 
most delicate threads of protoplasm (and for the demonstration 
of the nucleus without affecting the other contents of the cell). 

64. MillorHs reagent^ commonly' called acid nitrate of mercury, 
is best prepared, according to its discoverer, by pouring upon 
pure mercury its own weight of concentrated nitric acid. For 
a short time the action is violent; when it subsides a little, 
gently warm the liquid until the metal is completely dissolved. 
The solution is immediately diluted by twice its volume of pure 
water. After a few hours the liquid is to be decanted from the 
crystalline mass which has formed, and it is then ready for use.^ 

This reagent is more efficient when freshly made. 

Albuminoid substances are colored red by this reagent even 
in the cold, but much more readily upon the application of heat. 
According to Millon, the reaction is due to the presence in the 
liquid of both mercuric nitrate and nitrite. 

This reagent has been employed for the demonstration of the 
stratification and spiral striation of certain cell-walls. 

65. Nitric acid gives to protein matters a yellow color, 
which is intensified upon the subsequent use of ammonia. The 

1 Pringsheim's Jahrbucher, Bd. xii. p. 294, et seq, 

2 Flora, 1881, p. 645, et seq. 

' Pringsheim's Jahrbucher, viii. p. 441. 

* Dippel: Das Mikroskop, i. p. 281. 

* Quoted from Behrens : Hilfsb. p. 247. 
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same treatment, especially if the slide is slightly warmed, colors 
the so-called intercellular substance yellow. The acid is also 
used as a test for suberin (see 158). 

66. Osniic add (perosmic acid) is very volatile, and there- 
fore is best preserved in sealed glass tubes until wanted for use, 
when the tube can be broken under water. Even from the aque- 
ous solution the irritating acid escapes in small amount, render- 
ing it a disagreeable reagent to work with. The solutions are 
usually of one per cent strength. 

Oils are colored brown by the reduction of the acid to me- 
tallic osmium on the surface of the drops. Living protoplasm 
is killed at once b}' even dilute solutions of this acid, and there 
is usuallj' more or less discoloration of the different parts. 
Hence it is a useful agent for arresting the processes of cell- 
division and growth at any desired stage. Advantage is some- 
times gained, according to Poulsen,^ by the combination with it 
of chromic acid. 

67. Phenol (see carbolic acid, 52). 

68. Phlorogtucin, used hy Wiesner as a test for lignin.^ 
The specimen is first acted on by hydrochloric acid, and then 
moistened by a solution of phloroglucin in water or alcohol. If 
the cell-walls are lignified, they will at once assume a red color. 
Hohnel* suggests the employment of a strong decoction of cherry 
wood instead of the phloroglucin. Used in the same way, it im- 
parts a violet color to lignified cells. This test is hardly so 
satisfactory as the other. 

69. Pota8sic bichromate in aqueous solution is used to harden 
tissues, and is about as good as chromic acid. It has been also 
employed by Sanio* for the detection of tannin. 

70. Potassic chlorate^ used with nitric acid, is the most con- 
venient macerating agent. If a few small crystals of this salt 
are added to a little concentrated nitric acid in a test-tube con- 
taining a fragment of wood, and the liquid is carefully warmed, 
violent action begins somewhat below the point of boiling, and 
the wood is speedily disintegrated. By selecting acid of the 
right strength, and % careful regulation of the heat applied, the 
action of the liquid can be kept well under control, so that 
almost any degree of action can be obtained. It is not safe to 
use this reagent in the room where delicate apparatus is kept, 

1 Mikrochemie, p. 19. 

2 Sitzungsber. Akad. Wien, 1878, p. 60. 
8 lb. 1877, p. 685. 

* Bot Zeitung, 1863, p. 17. 
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since the gases evolved act upon metals. This is Schulze's 
macerating process. 

71. JPotassic nitrate^^ used in the examination of proto- 
plasm (see Part II.). 

72. Mosolic acid, or corallin, dissolved in water containing a 
trace of sodic carbonate, forms a purple fluid which colors vege- 
table mucus red. It is used also to demonstrate the structure of 
cribrose- tissue.^ 

73. Schweizer's reagent (see cuprammonia). 

74. Sodic chloride (common salt), used in aqueous solution 
in the examination of protoplasm (see 120). 

75. Sugar, Cane sugar dissolved in water to form a thick 
S3'rup is allowed to act for some time on tissues containing pro- 
toplasm : a drop of concentrated sulphuric acid is then placed 
on the object, when the protoplasm will take on a faint rose-red 
color. The reaction is uncertain. 

76. Sulphuric add. Pure concentrated acid is used as an 
adjuvant in man}' tests, 6. ^., with iodine solutions in the identi- 
fication of cellulose, but it is also of great use by itself in break- 
ing down cellulose. By it, a cellulose wall can be destroyed 
without destruction of the protoplasm within (see 141). 

77. Stainingr agents. A few of the chemicals in the foregoing 
list impart to certain tissues, and certain contents of cells, colors 
which have a good degree of permanence when the specimens 
are preserved in a suitable medium. But the colors produced 
by most reagents are fugitive, and serve only a temporary pur- 
pose. When, therefore, it is desirable to stain or tinge a given 
part of a specimen permanently, recourse must be had to dyes 
which do not readilv fade. 

78. Some of these have been long in use in Vegetable His- 
tology for the purpose of preparing attractive specimens for the 
demonstration of tissues, but it is onl}^ within a recent period that 
they have been successfully employed in the studj' of cell-divi- 
sion. In the examination of the changes which take place in 
the interior of cells during division, they are indispensable : in 
the examination of the tissues themselves, their use is far from 
satisfactory. As will be specially shown later, the chemical 
differences between the cell-walls of certain tissues which it is 
desirable to distinguish from each other under the microscope 
are not very great, and they often behave alike as respects 

1 Treub: Naturk. Verh. d. koningl. Akad. vol. xix., 1878, p. 9. 

2 Behrens: Hilfsbucb, p. 313. 
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staining agents. Hence it is impossible to lay down rules 
which will apply to all cases in which tissues are to be stained : 
the staining of the nucleus, however, can be readily secured by 
following the explicit directions given in the chapter on "Cell- 
growth." 

79. Of the whole class of staining agents, it may be said that 
exposure to strong light diminishes the brilliancy of the coloring 
they produce in the specimen, and in many cases completely 
destroys it. In general, the staining obtained by allowing the 
specimen to remain for a long time in a dilute solution of a 
dye is more satisfactory than when a stronger dj'e is used with 
haste. 

80. Carmin. Two grades are readily procurable in this coun- 
try ; namely, (1) " No. 40," (2) " Orient." The former is the 
cheaper, and will answer for all cases described in this treatise ; 
but attention must be called to the fact that it is sometimes 
adulterated, and hence it may be found necessary to change the 
proportions given in the following formulals. A good carmin, 
even of the grade first mentioned, should leave only little residue 
when placed in strong ammonia. If more than a trace of resi- 
due is found, the amount of carmin in the formula must be 
proportionately increased. 

81. Ammonia'Carmin. Pure powdered carmin is rubbed 
up with a little water to form a thin paste, enough strong am- 
monia to dissolve it is cautiously added, and the whole is then 
filtered. The filtrate is to be evaporated slowly over a water- 
bath. The dried mass dissolves readily in water, forming a 
clear liquid which keeps well ; but it is better to preserve the 
mass in a tightly-stoppered bottle, dissolving it only as required 
(Hartig's carmin).' 

82. A modification of this carmin is made as follows : .2 to 
.4 gram of carmin is shaken up with 30 c. c. of water, and a 
few drops of ammonia added. A part of the carmin dissolves, 
and is to be filtered. If the filtrate smells strongly of ammo- 
nia, it is allowed to stand for half a day under a bell-jar. A 
drop of ammonia will re-dissolve any slight trace of carmin 
which may separate. This fluid is to be added to water, drop 
by drop, until the right color is obtained (Gerlach's ammonia- 
carmin).* 

83. If, to the filtrate last mentioned, 30 grams of glycerin" 

1 Dippel : Das Mikroskop, i. p. 284. 

2 BehrensiHilfsbuch, p. 257. 
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and 10 grams of strong alcohol are added, a liquid is obtained 
which is known as Frej's glycerin-carmin. 

84. Sealers carmin is nearly the same. Ten grains of carmin 
are placed in a test-tube, and half a drachm of strong ammonia 
added ; the mixture is shaken, and gently heated over a spirit- 
lamp. The solution is to be boiled for a few seconds and then 
allowed to cool. In an hour two ounces of glycerin and two 
ounces of water are to be added, together with half an ounce of 
alcohol ; the liquid- is then filtered.^ 

85. Thiersch^ s borax-carinin.^ 2 gi*ams of borax are dis- 
solved in 28 c. c. of distilled water, and .5 gram of carmin 
added. The solution is next mixed with 60 c. c. of absolute 
alcohol, and filtered. 

%Q. Thiersch's oxalic-acid carmin,^ 1 gram of carmin is 
dissolved in 1 c. c. of ammonia and 3 c.c. of water. Another 
solution is prepared by dissolving 8 grams of crj'stallized oxalic 
acid in 175 c.c. of water. The two solutions are then mixed, 
16 c.c. of absolute alcohol added, and the whole filtered. This 
liquid is violet when ammonia is in excess ; orange, if too much 
oxalic acid is present. 

87. Grenac/ter's alum-carmin,^ Carmin is dissolved in a 
solution of potash-alum or ammonia-alum until the required 
color is obtained. This has been modified by Tangl as follows : 
To a saturated solution of alum, enough carmin is added to give 
a deep color (1 grm. in 100 c.c. of solution), the whole boiled 
for ten minutes, and filtered upon cooling. 

88. Woodward's cannin, " Pulverized carmin 7 J grains, 
water of ammonia 20 drops, absolute alcohol half an ounce, 
glycerin 1 ounce, distilled water 1 ounce. Put the pulverized 
carmin in a test-tube and add the ammonia. Boil slowly for a 
few seconds, and set aside uncorked for a day, to get rid of the 
excess of ammonia. Add the mixed water and glycerin, and 
next the alcohol, and filter." 

89. Carmin with picric acid. This agent, known as Ran- 
vier's picrocarmin, is made by cautiously adding to a concentrated 
solution of picric acid enough ammonia-carmin solution (81) 
to saturate it, and then evaporating to one-fifbh the volume. 

^ Beale : How to Work with the Microscope, p. 125. 

2 Behrens: Hilfsbuch, p. 258. 

3 Behrens : Hilfsbuch, p. 257. In Dippel(Das Mikroskop), p. 285, the pro- 
portions are somewhat different. 

* Archiv. fiir Mikrosk. Anat, 1879, p. 465. Tangl, in Pringsh. Jahrb.> 
Bd. xii., 1880, p. 170. 

2 
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Upon cooling, a slight sediment is deposited. After filtration 
from this sediment the liquid is evaporated to dryness, and 
afterwards dissolved in water in the proportion of 1 : 100. 

Another formula is : 1 gram of carmin and 4 c. c. of concen- 
trated ammonia are mixed with 200 c. c. of water, and 5 grams 
of picric acid then added. After nearl}' complete solution the 
clear liquid is poured off, and exposed to the air for some weeks. 
The red powder left after this slow evaporation is to be dis- 
solved when required in water in the proportion of 2 :100, and 
the solution filtered through two thicknesses of filter-paper. 

Cochineal, the substance from which carmin is prepared, may 
be used in aqueous extract, or with alum. The formula for the 
preparation with alum is given as follows : Rub to a fine powder 
one gram of cochineal with one gram of burnt alum ; mix with 
100 c. c. of water, and boil down to 60 c. c. When cold, filter the 
solution several times, and add a few drops of carbolic acid. 

90. HcBmatoxylin (a dj^e obtained from logwood) is used dis- 
solved in alcohol, or alum-water, according to circumstances. 

Fre}' gives the formula : 1 gram of haematoxylin is dissolved 
in absolute alcohol. This solution is added, drop by drop, to a 
three per cent aqueous solution of alum, until it becomes deep 
violet in color. After exposure to the air for a few daj's, it is 
to be filtered, and is then read}' for use ; but a fresh filtration 
will be found necessary after a time. Poulsen advises that a 
few drops of a ten per cent solution of alum be added to an 
aqueous solution of hsematoxylin (.35 gram in 10 c.c. water). 

Aqueous extracts of several other d3'e-woods can replace 
h8ematox3'lin in some cases, but thej'' have no advantage over it. 

91. Picric acid (trinitrophenic acid) in aqueous solution is 
valuable for staining and hardening protoplasm. It ma}' be 
used alone, combined with carmin (see 89), or with nigrosin. 

92. Alkanet-root (alkanna) in alcoholic solution tinges resin- 
ous globules and serves to prepare for cutting specimens which 
contain them. The method of use is described under " Resins." 

93. The coal-tar colors. Under this name are comprised the 
anilin derivatives and a few others of a slightly different origin. 
The following table will indicate to some extent the changes of 
color which ma}' be expected when these dyes are used wath 
tissues which have a marked acid or alkaline reaction. But it 
should be observed that the names of several of the dyes are 
loosely applied, and that the dyes made by different manufac- 
turers are not always of the same character or strength. All of 
the dyes mentioned below are soluble in water and alcohol. 
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Name. 


Effect of dilute H.Cl. 


Effect of dilute Ammonia. 




Red dyes. 




Magenta. 

SafbiTiin. 

Red anilin. 
Acid uzo-rubia. 
Eosin, 
Ponceau. 


Color fades to brown or light 

purple. 
Color changes to purple, and 

a brown precipitate occurs. 
Deep orange-brown color. 
Slight change of tint. 
Orange precipitate. 
No change of color 

Yellow and Orange dyes. 


Fades completely. 

Little change. 

Reddish precipitate. 
Little change. 
No marked change. 
No change. 


Solid yellow. 
Orange "R." 
Gold orange. 


, Purple precipitate. 
Unchanged. 
Little change. 

Green dyes. 


Little change. 

Unchanged. 

Color deepens to red. 


Methyl-green. 


The bluish tint becomes deep 


Fades out. 


Brilliant green. 
Emerald green. 


green. 
Fades somewhat. 
Fades out. 

Blue and Violet dyes. 


Whitish precipitate. 
Whitish precipitate. 


Cotton-blue "B.»» 
Methyl-violet '' BBBBBB." 
Nigrosin. 


Unchanged. 
Greenish precipitate, 
little change. 


Fades somewhat. 
Purple precipitate. 
Little change. 



94. A solution of any of the above dyes consisting of one 
gram with enough water to make one hundred cubic centimeters, 
although too strong for most cases, is very convenient, since it 
can easily be diluted at will. From even verj' dilute solutions 
parts of a specimen, for instance, a cross-section of a stem, will 
take up some of the color with more or less change. If the 
staining is too deep, a part of the color can be removed b}^ 
careful washing in alcohol, or in a verj" dilute acid or alkali 
(see above table for each case). 

95. Douhh'Staining, It is sometimes possible to color dif- 
ferent parts of a specimen with more than one dye ; for instance, 
staining the fibres of the bark green, and the wood of the same 
specimen red. The best results are obtained b}' the use of an 
alcoholic solution of one of the dyes and an aqueous solution of 
the other. The following method proposed by Rothrock^ gives 
excellent results. The dyes are Woodward's carmin (see 88) 
and anilin green (or " iodine green"). The specimen (whether 
bleached by sodic hj'pochlorite or left unbleached) is first 
thoroughly saturated by alcohol, which hardens it, and causes 
contraction of the contents ; it is then kept for a daj' in a dilute 



Botanical Gazette, September, 1879. 
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alcoholic solution of anilin green. In a row of watch-ciystals 
the following liquids are placed: (1) water, (2) Woodward's 
earmin, (3, 4, 5) alcohol, (6) absolute alcohol, (7) oil of cloves. 
The specimen, taken from the green, is dipped for a moment in 
water, then for about a minute in the earmin, then successively 
through the alcohols, in each of which it remains ten to twenty 
minutes, except in the first, where it remains onlj^ long enough 
to have the unfixed earmin washed awa}'. From the last alcohol 
it goes into oil of cloves (or benzol), where it should remain 
long enough to become perfectl}' transparent. It is then to be 
mounted in balsam. 

96. Double-staining can also be effected by the successive use 
of h8ematox3'lin and an anilin color. By the use of two or more 
anilin dyes different parts of a specimen may be colored differ- 
entl}' ; but as a rule all these effects are uncertain, and cannot be 
relied upon for the positive identification of tissues. In general, 
however, long bast fibres take characteristic colors. 

97. The following combinations for double-staining are rec- 
ommended by Dr. Stirling,^ and though originally designed only 
for animal tissues, sei've well with sections of plants : — 

1. Osmic acid and picrocarmin. 2. Picric acid and picro- 
carmin. 3. Picrocarmin and logwood (haematoxylin). 4. Pi- 
crocarmin and an anilin dye. 5. Logwood and iodine green. 
6. P^osin and iodine green. 7. Eosin and logwood. 8. Gold 
chloride and an anilin dye. 

98. In the cases which require special treatment, for instance,, 
the staining of the nucleus, the precautions laid down must 
be attended to in order to insure success. But in the ordinary 
instances where it is desirable to stain a specimen merely to 
bring some part into prominence for purposes of demonstration, 
the widest choice in dyes and their use is advised. A few mor- 
dants have been tried in order to fix the colors, but with little 
success. The best are tannin in solution, and aqueous solutions 
of an}^ of the alums. A little practice will show which mordant 
is best for each case. 

99. Specimens stained b}' nearly all of the above dyes can 
be mounted secureh' in balsam, as directed in section 110 ; but 
glycerin and glycerin-jelly mounts are apt to become faded or 
discolored after a time. 

100. Mounting-media. Pollen and other dry specimens are 
preserved in shallow cells formed by a thin ring of asphalt- 

^ Journ. Anat. and Phys., 1881, p. 349. 
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cement, varnish, or white lead, allowed to dry nearly to hardnesa, 
upon which a cover-glass fits firml}', and is retained by a second 
ring of the same cement. If the precaution is taken to have the 
cover-glass fit evenly to the first laj^er of cement, there is little 
danger that the subsequent layer, which is to hold the cover in 
place, will creep under it and into the cell. 

101. Glycei'in, pure water, calcic chloride solution, potassic 
acetate, and like liquids may be used as mounting-media in cells 
prepared in the manner just mentioned, but made of greater 
thickness. Care must be observed to avoid touching the upper 
edge of the cement ring with the liquid ; and yet the cell must 
be completel}'' filled, in order to exclude air. 

102. If a specimen has been prepared in glycerin, and it is 
not considered well to disturb the cover-glass, a cement ring or 
square can be built up around the cover at a little distance from 
it, provided the glass slide is thoroughly cleaned at the place 
where the cement is to be put. After the requisite number of 
layers have hardened suflicientl}', a ring of the same or, better, 
of a more quickly drying cement may be placed across from the 
edge ol the cell to the cover-glass, to hold it in place. As this, 
in drying, will contract somewhat, it is a good plan to place two 
or three fragments of thin glass under the cover, that thes6 
may receive the pressure and prevent crushing the specimen. 

103. Of the mounting-media, one of the best is glj'cerin and 
acetic acid in equal parts, boiled and filtered. It serves well for 
thin- walled specimens (especiallj' in the lower plants). 

104. Specimens of fresh cells or of juicj' tissues which are to 
be mounted in glycerin are best treated in the manner recom- 
mended by Beale.^ "The specimen is first immersed in weak 
gl3'cerin, and the density of the fluid is graduall}' increased, 
either b}' adding from time to time a few drops of strong gly- 
cerin, until it bears the strongest, or by allowing the original 
weak solution to become gradually concentrated b}' slow evapo- 
ration. In this wa}-, in the course of two or three days the 
softest and most delicate tissues ma}- be made to swell out 
almost to their original volume in the densest glycerin or syrup. 
They become more transparent, but no chemical alteration is 
produced, and the addition of water will at any time cause the 
specimen to assume its ordinary characters." 

105. It is plain that mounts in any liquid must be liable to 
injury from displacement of the cover-glass ; but this can be 



How to Work with the Microscope, p. 360. 
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partially guarded against by fastening to the upper surface of 
the slide, near its two ends, square pieces of pasteboard a little 
thicker than the cell itself. 

106. Olycerin-jelly ^ a mixture of glycerin with pure gelatin, is 
liquid at the temperature of boiling water, and solidifies again 
on cooling. Any specimen which is not injured by being slightlj'^ 
heated can be mounted satisfactorily in the jelly, provided it 
is first thoroughly saturated with glj'cerin. But this precaution 
is by no means necessary in all cases. 

107. A drop of the melted jellj', free from air-bubbles, is 
placed on the slide (a fragment of the solid jell}' can be melted 
on the slide if preferred), the specimen placed therein, and the 
cover-glass, previously moistened slightly on the under side with 
glycerin, is carefullj- laid on, and the preparation now allowed 
to cool. When the jelly is again hard, a varnish or cement ring 
ma}' be placed around the edge of the cover to hold it in place. 
Asphalt-cement is apt to impart to the jell}' a dark tinge, which 
may sooner or later spoil the mount, and hence the colorless 
varnishes are better. 

108. The edge of the jelly may be lightly touched with a 
strong solution of a chromate, for instance, bichromate of potas- 
sium, and exposed for a while to light. This renders the jelly 
insoluble, and firmly sets it. 

109. The following are among the best formulas for making 
this useful mounting-medium : — 

One part of pure gelatin, three parts of water, and four of 
glycerin (Schacht, quoted by Dippel) . Nordstedt uses the same 
proportions, and advises the addition of a small piece of cam- 
phor or a drop of carbolic acid, to prevent moulding. 

One part of gelatin is soaked in six parts of water for two 
hours, seven parts of glycerin are added, and one per cent of 
carbolic acid is added to the whole. The mass is heated for 
fifteen minutes, with constant stirring, and then filtered through 
glass-wool. All the ingredients must be absolutely pure (Kaiser, 
Bot. Centrbl., 1880, p. 25). 

The proportions employed in the second formula, but without 
the addition of the carbolic acid, give a clearer jelly ; and it has 
not been apt to mould, especially if the cork of the bottle con- 
taining it be wrapped in a thin piece of linen, which has been 
dipped in dilute carbolic acid. 

110. Canada halsam. This is used either (1) alone, or (2) in 
solution. In either case the specimen must be free from water, 
and permeated by some liquid easily miscible with the balsam. 
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This is easily effected by first saturating the object with alcohol 
(beginning preferably with dilute, and then using stronger), in 
order to expel all water; next placing the alcoholic specimen 
in oil of cloves, turpentine, or benzol, until the alcohol is in 
turn expelled. The specimen thus permeated is transferred to 
balsam which has been previousl}' placed on the slide. Care 
must always be taken to have the balsam perfectly free from 
air-bubbles. 

111. When used alone, the balsam on the slide may be 
heated, to drive off* a part of its more volatile constituents, and 
the specimen can then be placed in the warm liquid. But this 
method is not applicable when the specimen is affected by slight 
heating ; it is best adapted to hard tissues, like woods and fibres. 
Balsam which has thus been heated hardens on cooling to a good 
degree of firmness. This firmness is secured with balsam used 
without heat only after a longer lapse of time, during which the 
more volatile matters have escaped. 

112. If pure balsam is cautiously heated in a capsule until it 
no longer gives off vapors, the melted mass will cool into a pale 
amber-colored solid. This solid dissolved in a small quantity of 
benzol forms a liquid of the consistence of syrup, which is useful 
for all mounting where heat is injurious. The specimens must 
be treated successively^ with alcohol and benzol, and they are 
then ready to be immersed in the benzol-balsam on the slide. 
An equally serviceable solution is made by dissolving the mass 
in chloroform. Chloroform-balsam requires the specimen to be 
saturated with chloroform before immersion. 

113. In all the above cases two precautions will save disap- 
pointment : 1st. the slides and cover-glasses should be heated 
slightl}'', to drive off* an}^ moisture on the surfaces which are to 
come in contact with the mounting-medium ; 2d. the covers 
should be held in. place by means of a slight weight, or by the 
pressure of a spring clip, until the balsam or its solutipn has 
become tolerabl}- firm. A little experience will show that speci- 
mens mounted in balsam may require a somewhat different 
management of the mirror under the stage from those which are 
mounted in a medium with a different refractive power. Damar 
may replace balsam when the latter, which is the better, is not 
to be had. 

114. Hoyer's mounting-media are highl}' recommended by 
Strasburger. * The one which is prefen^ed for anilin preparations 

* Das botan. Practicum, 1884, p. 40. 
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is made by adding colorless pieces of gum-arabic to a solution 
of potassic acetate or ammonie acetate, until the liquid becomes 
of the density of thick syrup, while in that intended for carmin 
preparations the gum is dissolved in a five to ten per cent 
aqueous solution of chloral hydrate, and about ten per cent of 
glycerin added. Either, of these media, or a plain solution of 
pure gum-arabic, will be found to answer admirablj' for all prepa- 
rations of woods which are to be photographed. 

115. The edges of the cover-glass arc usually painted with 
some varnish of good quality. Those in best repute are : — 

1. Asphalt-varnish, to be thinned with turpentine when too 
thick. 

2. Maskenlack, a German preparation, thinned witli alcohol. 

3. Mikroskopirlack, also thinned with absolute alcohol. 

4. Shell-lac in alcohol, tinged with some anilin color. If a 
few drops of castor-oil are added to the solution, it dries into 
a less brittle finish. 

5. Gold-size. 

6. White lead (with oil). 

It is a good plan to revarnish slides whenever the varnish 
first shows any indication of breaking away. 

A few works in regard to microscopic manipulation and 
micro-chemistry which may be advantageously consulted by the 
student are the following : — 

Beale. How to Work with the Microscope (London). This is a large 
octavo volume, with very minute descriptions of microscopical appliances and 
manipulation. Several editions have been i)rinted. 

Carpenter. The Microscope (London). A small octavo of about 900 pp. 
This work deals at some length with the structure of animals and plants. 

Behrens. Hilfsbuch zur Ausfiihrung Mikroskopischer Untersuchungen 
im Botanischen Laboratorium (Braunschweig, 1883). This is specially de- 
voted to microscopic manipulation and micro-chemistry. An English trans- 
lation is promised. 

PouLSEN. Botanical Micro-Chemistry. . Translated and enlarged by Pro- 
fessor Wm. Trelease (Boston, 1884). An excellent account of the chemicals 
used in the examination of vegetable structures, together with some directions 
for their employment. 

Strasbuiiger. Das botanische Practicum. See an account of this work 
on page 165. 



PART I 



CHAPTER I. 

THE VEGETABLE CELL IK GENERAL : ITS STUCTURB, COM- 
POSITION, AND PRINCIPAL CONTENTS. 

116. The unit in Yegetable Anatomy, the fundamental compo- 
nent of which the fabric of plants is constructed, and from which 
all the diverse histological elements are derived, is the cell. 
Even the elements which are the least cellular in appearance, 
and which have names of their own (as fibres, ducts, etc.), are 
onl}'^ transformed cells, or simple combinations of them ; so that 
the cell is the type as well as the unit of vegetable structure, 
as indeed it is of animal structure also. The name cell is one 
which would not be given to it if the nomenclature were to be 
founded upon our present knowledge. Cells were originally 
taken to be only closed cavities in a vegetable mass.^ We now 



1 The earliest recognition of cellular structure in plants appears in Robert 
Hooke's Hlcrographla (1665), p. 113. ** Our microscope informs us that 
the substance of cork is altogether fiU'd with air, and that that air is perfectly 
enclosed in little boxes or cells distinct from one another." 

Nehemiah Grew, of London (The Anatomy of Plants, book i. p. 4), under 
date of 1671, says of the mass through which the framework of a young 
plant is distributed, **It is a Body very curiously organiz'd, consisting of an 
infinite number of extreme small bladders," etc. 

Malpighi, of Bologna, in a work presented to the Royal Society in the same 
year, uses nearly the same language: "Exterior etenim cuticula utriculis, seu 
sacculis horizontal! ordine locatis, ita ut annulus efformetur, componitur, etc." 
(Anatomes Plantarum Idea, p. 2). 

As a preliminary study, a beginner should prepare and examine a few sec- 
tions like the following : — 

(1) From the tip of the root of a bean (which has germinated on wet sponge 
or paper) cut a thin section lengthwise, and carefully examine it under a 
power of 200-400 diameters. If the section is thin enough, the contents of the 
cells can be made out, and will be seen to consist of a colorless lining {proto- 
plasm), in which one part (the nucleiis) appears denser than the rest. Next, 
treat the section with a solution of iodine, and notice what parts are colored, — 
the protoplasm and nucleus are yellow and brown, but the cells on the looser 
part of the tip contain bluish granules (starch). This starch can best be shown 
by first dissolving out the protoplasm with dilute potash. 
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know them to be organs and even organisms. Histology' there- 
fore begins with the cell in its independent condition. 

117. A complete and living vegetable cell consists of a cell- 
wall enclosing certain essential contents. 

118. In their earliest state some of the lower plants exist as 
a mass of motile living matter, not bounded by anj^ envelope. 
But in all plants of the higher grades the living matter of the 
cell is from the very first protected by a cell- wall. 

119. That which is essential to the vital activitv of a cell is an 

ft/ 

apparently half^olid substance, — protoplasm. With the prop- 
erties of protoplasm as a living thing. Physiology and not His- 
tology is immediately concerned. But it is necessary throughout 
the stud}^ of Histology to make a distinction between the cells 
which are vitally active and those which serve chiefly or wholly 
some mechanical end ; and hence attention must be called at the 
outset to the means by which the living matter of the cell can be 
identified. 

120. Protoplasm exists in all young cells — for instance, in 
the soft cone of tissue in buds, in root-tips, and other points of 
growth — as a nearly transparent or finely- granular substance. ^ 
It completel}'^ fills the interior of very j'oung cells, but with 
increase of the cells in size there arise cavities (vacuoles) con- 
taining sap, and these by their enlargement and confluence ma}' 
appear to occup}' the entire space within the cell. If, however, 
such a cell be acted upon by anything which causes contraction 



(2) Make a thin section through the petiole of a begonia or some common 
house-plant, and observe the granules imbedded in the protoplasm (chlorophyll- 
granules); notice also crystals, either in masses or single. 

(3) Examine a thin section through diy pine wood, test with iodine, and 
observe the absence of protoplasmic matters. Examine in the same way any 
hard wood. 

(4) Make a section through any starchy seed, for instance a common bean, 
and treat it with a solution of iodine ; notice the distribution of protoplasmic 
matters in the form of thin irregular films throughout the cells. Examine a 
similar section in oil, and see what differences, if any, can be detected. Prob- 
ably the presence of protein granules will be made out. 

From these preliminary examinations a beginner will have demonstrated 
the protoplasmic matter in its active, resting, and reserve states ; he will have 
seen chlorophyll, the nucleus, and starch, the chief form in which food is 
stored in plants. He will also have seen a few of the more common ciystals. 

After such a study the student is urged to examine practically the charac- 
teristics of the cell-wall and the cell-contents as they are presented in this 
chapter. 

1 By the use of staining agents, especially haematoxylin, protoplasm can in 
many cases be shown to possess a complicated mesh of very delicate fibres. 
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of the protoplasm,' as, for instance, a solution of commoo salt, 
tbe protoplasm separates fiom the cell-wall, and by its con- 
traction shows clearly that it is a 
closed sac. At a later stage 
in some cells even this thin 
protoplasmic sac wholly dis- 
appears. 

121. Protoplasm itself must 
be regarded as essentially 
transparent and colorless, 4) ut 
it ia seldom found without 
some admixture of other mat- 
ters, which give it a granular 
appearance. The granules 
arc generally very small, and 
as a rule arc not fouDd at the 
periphery of the mass. The 
1 limiting surface of the pi-oto- ^ 

plasmic mass is further dis- 
tinguished by being somewhat denser and finner than the sub- 
stance it encloses; and although it cannot be separated from 
the latter by mechanical means, it is often spoken of as a film ; * 

which take up the coloring matter rcarlily, lenving tlie I'etiinitKler of the mass 
unstained. It ia believed by Schtnitz that the unstained mass is a honioge- 
neaus liijuid fillitig the meiihss (Sitzungsber. der oiederrhein. Oeaellschafc in 
Bonn, 18S0). 

' Such substances are termed plasmohjtic agents. 

> or the appearnnce of pratoplasm, the following remarks by Mohl, who firat 
gave it tlie name in 1846, are of interest. " If a tissue composed of young celU 
be left some time in alcohol, or treated with nitric or muriatic acid, a very 
tldn, finely granular membraue becomes detached from the inside of the wall 
of the cell in the form of a closed vesicle, which becomes more or less con- 
tracted, and consequently removes all the contents of the cell, which are 
enclosed in this vesicle, from the wall of the cell. Reasons hereafter to be 
discussed have led me to call this inner cell the pHmordiai uirUle. ... In 
the centre of the young cell, with rare exceptions, lies the so-called nucleus 
celluUe of Robert Brown. . . . The remainder of the cell is more or less 
densely filled with an opaque, viscid fluid of a white colour, having granules 
intermingled in it, which fluid I call protoplasm " (Mohl; The Vegetable Cell, 
Henfrey's Translation, 1852, pp. 36, 37). 

Fza. 1. From developinf anther of Orcbts maculata. showing yonn; «ellH com. 
pletely AIIbU with protoplasm. Obmrve also the nucleun with Its nnoleolus. In each 
ceJl. (Guignard.) 

Fio. 2. A hair frnm the stamen of TnidBBcantia plloaa, slinwlng the protoplasm in 
the form of nianular tbreads rannlng from siae to sirte of the oell-oavlty. The white 
spaces hetweeD tbeee Uueads are vacnoles. The nucleae can also be seen In each of the 
faor cells. (Jacoba.) 
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and where there is any break in the continuity of the mass, for 
instance in the case of sap-cavities, a similar limiting film may 
be supposed to exist. 

122. The consistence of protoplasm depends on the amount 
of water which it contains. Thus in dry seeds it is nearly as 
tough as horn, while in the same seeds during germination it 
becomes like softened gelatin. It absorbs water readily and be- 
comes permeated by it, thereby increasing its apparent fluidity, 
but it never becomes a true fluid. Moreover, there is a limit 
to the amount -of water which it takes up. 

123. Chemically considered, protoplasm is a very complex 
substance. It belongs to a group of bodies of which the albumin 
of egg may be conveniently taken as the tj'pe. Owing to their 
many slight but sometimes remarkable changes, they have been 
collectively termed proteids. The terms albuminoids and pro- 
teids may be used interchangeably. 

124. The albuminoids, or proteids, which form with water the 
bulk of protoplasm proper, are of course associated with the 
matters which this living substance makes, uses, and discards. 
But these matters exist in the protoplasm in very different pro- 
portions at different times, though never in such amount as to 
obscure the peculiar reactions of the albuminoids. These are 
the following: 1. The yellow or brownish color imparted by 
solutions of iodine. 2. The purple color produced when the 
specimen first saturated with a solution of cupric sulphate is 
acted on by jjotassic hydrate. ^ 3. The rose color, often faint, 
which follows the successive action of a solution of sugar 
and strong sulphuric acid. 4. The red color given by Millon*s 
reagent. This test generall}- requires the cautious application of 
heat. 5. The purplish color from prolonged action of hydro- 
chloric acid. 

125. Dilute solutions of the caustic alkalies dissolve proto- 
plasm ; concentrated solutions do not. If a 3'oung cell is acted 
on hy concentrated potash, its protoplasm is not essentially 
affected ; but if water is now added, the protoplasm dissolves 
at once. 

126. The spherical or ellipsoidal mass found in the protoplasm 
of active cells, and differing from the rest of the protoplasm in 
its greater density, is the nucleus. The sharply defined point 
often seen in the nucleus is the nucleolus. 

127. The nucleus undergoes remarkable changes during the 
earliest stages of the cell, which will be described in the chapter 
on ''Growth." The relations which exist between the proto- 
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plasm ia one cell with that in contiguous cells will be considered 
in Chapter VI. 

128. The cell-wall. The cell-wall is produced from materials 
contained io protoplasm, ^ and is laid down in intimate contact 
with it, as an even homogeneous film which exhibits at first no 
obvious structure, but with increase in size generally becomes 
modified in appearance, consistence, and composition. 

129. Its evenness of surface ia in most eases early lost by 
addition of new matter, giving rise to protuberances or markings 
of difl'erent sorts. Though at first possessing no evident struc- 
ture, it may become clearly difierentiated into layers, and thus 
become stratified, or striations may appear. Its consistence, at 
the outset that of the most delicate bleached linen fibre, may 
soon become changed, on the one hand to that of soft gelatin, 
or on the other to that of the densest wood. Moreover, although 
devoid of color when first produced, it may acquire distinct color- 
ation ; and, lastly, its chemical character may undergo such im- 
portant changes that its normal reactions are no longer given, 

130. The markio)^ of the cell-wall. Uniform thickening of 
the whole cell-wall is extremely rare ; even in the examples 
which are commonly given to illustrate it, pores or channels, 
more or less distinctly visible, interrupt 

its continuitj-. 

131. The thickenings may possess 
great in'e^larity, or they may be ao 
strictly localized and regular as to form 
charac^teiistic features of the widest use 
in diagnosis. They maj' pi-oject out- 
wardly, forming ridges, spines, and 
other sculpturings ; or, as is most com- 
monly the ease, inwanily, giving rise 
to rings, spirals, etc. 

132. If the wall is thickened through- 
out, except at well-defined points, de- 
pressions or pits are produced, varying 
considerably in outline, but occurring 
generally as simple dots or lines. In 

some cases it is not difficult to see that these dots or lines are 
true pores or fissures running from one cell to the next. 

' According to Sclimitz, the eell-wall is produced liy the conTersion of the 
limiting film of protoplasm into cellubse. That the cell-wall is formed at the 
limiting film admits of no qneation. 

Fia. 3. Filted duct; from stem of Olcborlani Intybnn. {J&cnbt.) 
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133. Bordered pits are a very common modification of the 
last. A comparatively lai-ge spot remains unthickened, but 
becomes covered by a low dome which has at its top a small 
aperture ; at a corresponding point of the wall of the neighbor- 
ing cell another thickening produces a similar dome, so that the 
two domes constitute a double convex body which appears as 
a disc with a central perforation. These bodies are known as 
discoid markings. 
' 134. Sometimes the spot covered by the arched projection or 
dome is elliptical instead of round. When this kind of marking 
becomes linear, or nearly so, it is termed ecalariform. 

135. When annular and spiral thickenings occur the cell-wall 
lying between them remains so thin that a slight strain suf- 
fices to break it, releasing the rings 
and coils. The number, the direc- 
tion, and the steepness of the spi- 
rals furnish in some cases diagnostic 
features. 

136. Besides spirals and rings, 
there are intermediate forms, which 
pass easily over into netted or reticu- 
lated thickenings. It happens some- 
times that the reticulated markings 
are so regular that their interspaces 
appear as regular polygons. 

1S7. The external sculpturing of 
the cell-wall can be seen in many 
pollen-grains, and in the hairs of 
many plants, though in the latter 
case the projections may be partly 
t due to irregidarities in the form of 

the cell. 
138. Stratification and strlatlon. The cell-wall, even at an 
early stage, frequently exhibits a distinctly stratified structure. 
In some cases, at least, removal of all the water which forms a 
constituent of the wall obliterates every trace of stratification, 
and this fact supports the hypothesis that the appearance of 
lamination is caused by differences in the amount of water con- 
tained in alternating layers of the wall. The less strongly 
refractive laj'ers are supposed to contain more water than those 
which are highly refractive. But there are cases of stratification 

Fia. 4. Annular and spiral mukluga; verUcal section Uiroagb stem oC Tradescantla 
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which cannot be satisfactorily explained by this hypothesis. 
There are, besides, numerous instances in which the stratified 
appearance is not clearh^ shown until the cell has been acted 
on by an acid or an alkali ; a good example of this is aflforded 
by the firm cells of the albumen of the vegetable ivory (Phy- 
telephas) .^ 

139. An appearance of spiral striation,^ ascribed also to the 
unequal distribution of water, is often seen, especially in the 
cells of the liber of Apocj^nacese and allied orders, and in many 
wood-cells. The striations are not constant as regards the 
steepness of the spiral ; in fact, in a few instances rings instead 
of spirals are present. A striated appearance is sometimes pre- 
sented in walls which have been deprived of all their water. 

140. Chemically considered, the young cell-wall consists essen- 
tial W of cellulose, a substance which has the same percentage 
composition as starch, namely, CgH^gOg. Even in its purest 
state it is associated with a trace of mineral matters which 
remain behind as ash when it is burned, and in the living cell it 
is always permeated by water. 

141. Cellalose is not soluble in any of the following liquids 
commonly used in microscopic manipulations, — water, alcohol, 
glycerin, dilute alkalies, and dilute acids. It is, however, more 
or less strongly acted on by hot concentrated alkalies, without 
passing into true solution, and it is apparently dissolved by 
strong sulphuric acid. Whether cellulose becomes truly dis- 
solved by concentrated sulphuric acid, or merely forms some 
other carbohydrate under its action, is of little consequence, so 
far as the destruction of cell- walls is concerned. In nearly all 
cases its action is so energetic that the wall of a cell can be 

1 As shown by Mohl, the action of a mineral acid of proper degree of con- 
centration causes the wall to swell up, and the lamellar structure becomes 
very distinct. ** By this means the lamellar structure may be demonstrated 
even in those cases in which the unaltered membrane appeared completely 
homogeneous" (Mohl: Vegetable Cell, p. 10). 

2 ** The stratification is visible on the transverse and longitudinal sections 
of the cell-wall, tlie striation on the surface as well ; it is usually most evident 
there, but is in general less easily seen than the stratification ; it depends on 
the presence of alternately more or less dense layers in the cell- wall, meeting 
its surface at an angle. Generally two such systems of layers may be recog- 
nized mutually intersecting one another. There are thus all together three 
systems of layers present in cell-wall : one concentric with the surface, and two 
vertical or oblique to it mutually interaecting, like the cleavage planes of a 
crystal splitting in three directions (Nageli) ; and just as this cleavage is some- 
times more evident in one direction, sometimes in another, so it is also with 
the stratification and striation" (Sachs: Text-book, 2d Eng. ed., p. 20). 
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wholly removed by this acid, even without destroying the proto- 
plasmic contents ; and this fact has been extensively- emplojed 
in the examination of the continuity of the protoplasm in con- 
tiguous cells.^ 

142. The only known solvent from which cellulose can be re- 
covered without change of composition is Schweizer's reagent, 
ammoniacal solution of cupiic oxide. In this liquid, cellu- 
lose swells considerably, and slowly disappears. It is thought 
by some chemists that it does not trulj- dissolve. From its 
apparent solution, it can be precipitated in the form of a floccu- 
lent mass by acids, salts of many kinds, and even by the addi- 
tion of a large amount of water (see 55) . 

143. Freshly prepared aqueous and alcoholic solutions of 
iodine do not color pure cellulose be^'ond giving a faint 3'ellow- 
ish tint '; but if the reagents have been kept for some time, par- 
ticularly in the light, they may impart a blue color. ^' The latter 

1 Unsized, well-bleached linen paper is nearly pure cellulose. If it is dipped 
in a cold mixture of one volume of water and two volumes of strong sulphuric 
acid, withdrawn after ten to twenty seconds, and washed thoroughly in water, 
and finally in dilute ammoniacal water, it becomes much like parchment. This 
** vegetable parchment " is a suitable membrane for certain experiments in 
absorption. The acid in this experiment is supposed to convert at least a 
portion of the cellulose into a substance which closely resembles starch in its 
chemical reactions, termed amyloid. Parchment paper can be made also by 
concentrated zinc chloride, and by a few other agents. 

2 Mohl (The Vegetable Cell, p. 24, Eng. Trans.) says: "When imbued 
with iodine, it becomes indigo-blue if wetted with water." In a note on 
pages 28 and 29, he further says : " My researches shewed me that the in- 
fluence of sulphuric acid was by no means necessary for the production of the 
blue colour in membranes which are not strongly incnisted, as in the paren- 
chymatous cells of succulent organs, but that iodine and water alone are suffi- 
cient ; while in full-grown and hardened cells sometimes the primary membrane 
alone, sometimes even a greater or smaller portion of the secondary layers had 

4 through the deposition of foreign substances, altogether lost the property of 
becoming blue on the application of sulphuric acid and iodine, although they 
were still composed of cellulose, and iodine alone would very readily produce 
a blue colour in all their membranes after the infiltrated matters had been 
removed. The means I employed to remove the infiltrated substances were 
caustic potash and nitric acid. . . . AftCT this treatment, the whole of the 
layers of all elementary organs are coloured a beautiful blue by iodine even 
when they offer so great a resistance to the action of sulphuric acid before the 
treatment with nitric, as is the case in the outer membrane of wood-cells and 
of vessels, and in the brown cells at the circumference of the vascular bundles 
in Ferns." 

It is plain that, in the latter cases, the cell-wall had been very powerfully 
acted on before the application of the iodine, and to this severe preliminary 
treatment may be ascribed the efficiency of the latter in producing the blue 
color. 
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color, however, is given even b}^ fresh solutions of iodine to 
cellulose which has been previously treated with certain chemi- 
cal agents, for instance,^ strong sulphuric acid. A convenient 
method of emploj^ing this reaction as a test for cellulose is to 
thoroughly moisten the object with a dilute solution of iodine, 
and then to apph^ strong sulphuric acid, upon which the cellulose 
immediately turns bright blue. It is sometimes advantageous 
to dilute the sulphuric acid employed, either with water or with 
gl^'cerin ; but for most cases the concentrated acid is the best. 

Schulze's solution of iodine, better known as chloroiodide of 
zinc, used alone, gives with pure cellulose a blue color inclining 
to purple. This reaction, though not always so prompt as the 
othqr?' is generally more manageable, and, on the whole, more 
satisfactor3\ 

In a few instances the cell-membrane becomes yellowish- 
brown throughout, upon the application of an iodine solution, 
a reaction which might be easily mistaken for that which albu- 
minoids give ; that the color, however, is not here due to their 
presence, appears on subjecting the tissue to the action of 
Millon's reagent. Vertical sections of the stem of Begonia, as 
noticed by Nageli, afford an instructive example of this.^ 



1 That the yellow color imparted by iodine has been otherwise interpreted, 
will appear from the following : — 

Harting(Ann. des Sc. nat., ser. 3, tome v. p. 328) states, that **all lignified 
cells have Protein matters in their grails." 

Mohl (The Vegetable Cell, p. 25) says : "Nitrogenous compounds do not 
occur in the membranes of cells which are just at the commencement of their 
development, for these are not coloured yellow by tincture of iodine, yet hardly 
a full-grown cell is met with in which this is not the case." 

It is held by Nageli that vegetable cell-membranes consist, in some in- 
stances, of two isomeric substances, unequally soluble, which are intimately 
commingled. One of these is soluble in cold water, more easily in hot water, 
and sometimes needs for its complete extraction a dilute acid. From the solu- 
tion iodine throws down a blue or bluish-green precipitate. 

A synoptical table, based on differences in solubility of cellulose and its 
modifications, and in their behavior towards iodine, has been constructed by 
Nageli. The part of the table which is given below affords excellent practice 
for the beginner. 

I. DlFFEKENCES I^ SOLUBILITY. 

(1) In cold water, becoming swollen ; in hot water, disappearing, vegetable 
miLcUage ; e, gr., in the outer layer of the cells farming the testa of quince seeds 
and those of flax, 

(2) Soluble in concentrated sulphuric acid, and in cuprammonia; e. ^., cotton- 
hairs, host-fibres, etc. 

3 
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144. The principal modifications of the cell- wall are the fol- 
lowing : — 

(1) Partial or complete conversion into mucilage (Gelatina- 
tion) ; (2) Lignification ; (3) Cutinization (or Suberification) ; 
(4) Mineralization. 

145. All of these, except the first, change the chemical char- 
acter of the cell-wall only by what ma}^ be regarded as infiltra- 
tion ; upon removal of the infiltrated matter by means of proper 
agents, the cellulose basis of the wall is left behind with very 
little if any change. 

146. It sometimes happens that one part of the membrane of 
a cell, or even one of its layers, may be modified in one way, and 
another in another ; it is also possible for the same membrane to 
undergo two of the changes above mentioned ; namely, Lignifi- 
cation and Mineralization. 

147. The mncilaginous modiflcation. Commonly the cell-wall is 
not much changed by immersion in water. It may become more 
nearly transparent, but its size and density are not essentially 



(3) Soluble in sulphuric acid, insoluble in cuprammonia (unless previously 
acted on by acids or alkalies) ; e. g,, thepithf and Tnedullary rays of woods. 

(4) Soluble in concentrated sulphuric acid ; insoluble in cuprammonia, but 
becoming soluble in this upon previous treatment with Schulze's macerating 
liquid ; c. g., wood- cells ofpifiCt oak, yew, etc. 

(5) Insoluble in concentrated sulphuric acid and cuprammonia, but soluble 
in boiling concentrated potassic hydrate ; e, g., ciUicle, and the oiUer layer of 
the memb7'ane of older ducts. 

II. Iodine Keactions. 

(1) With iodine and water, a blue color : Hchen-fHaments, etc. 

(2) With iodine and water, no color ; but giving a blue tint with iodine and 
a metallic iodide ; or when iodine is followed by sulphuric acid : — 

A. ThiU'Walled Pareriehyma (which will often turn blue when a pure iodine 
solution acts with repeated drying), older Parenchyma, the inner part of thick- 
ened wood-cells of Pinus and Abies, and the bast-fibres of hemp. 

B. Only when the reagents have been preceded by the application of nitric 
acid : all membranes in the interior of the plant, e. g., the outer part of wood- 
cells and ducts, the brown cells which surround the vascular bundles in 
ferns, etc. 

C. Only when the reagents have been preceded by the use of boiling potassic 
hydrate : cork, etc. 

According to Fremy and Urbain, the substances which form the skeleton of 
plants are principally pectose and derivatives from it, cellulose and its isomers, 
vasculose, and cutose. These four groups are thus distinguished from one 
another. 

Pectose acted on by alkaline carbonates is changed into pectic acid, and 
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affected. It sometimes happens, however, that the cell-wall 
acquires wholly new relations to water, and becomes capable of 
absorbing a large amount of it with great increase of volume and 
translucenc3\ A cell-wall which has undergone this mucilagi- 
nous modification takes on, when placed in water, the consist- 
ence of soft gelatin, and if the mass is then warmed it appears 
to dissolve, forming a thick mucilage. Upon drying, the muci- 
lage hardens into a translucent gum, in which the cellulose char- 
acter is nearly or wholl}'^ lost. 

148. Generall}' the changes produced in such a wall by water 
are so rapid that it is desirable to place the specimen at first in 
alcohol, and then to replace this medium cautiously by water or 
by dilute glycerin, when the variations in shape, size, and con- 
sistence can be easil}'^ followed. The addition of alcohol will of 
course arrest the changes at any stage desired. 

149. These changes can be easily traced in the outer cells of 
the integument of a flax-seed. The mucilage appears as an 
obscurely stratified mass nearly filling the cells, except at their 
centre, where there is a low-arched cavity. On the cautious 



pectates are formed. These are readily decomposed by hydrochloric acid, and 
insoluble gelatinous pectic acid is thrown down. 

Cellulose and its isomers agree in being soluble in concentrated sulphuric 
acid, but they differ in the following points : Cellulose dissolves at once in 
cuprammonia ; paracellulose, only after the action of acids ; metacellulose, not 
even then. 

Vasculose is not easily soluble in concentrated sulphuric acid, but after the 
action of oxidizing agents gives rise to resinous acids, which are separable by 
alkalies- from associated cellulose. 

Cutose, the transparent film covering the aerial organs of plants, is dissolved 
neither by concentrated sulphuric acid nor by cuprammonia, but dissolves 
without change in alkahne liquids. The following results of analyses by Fremy 
and Urbain (Ann. Sc. nat. bot., 1882) show approximately the amount of 
these substances in different parts of certain plants. 

Root of Paulownia. — (1) Substances soluble in water and in dilute alkalies : 
cork 45, soft bast 66, body of root 47. (2) Vasculose : cork 44, soft bast 34, 
body of root 17. (3) Paracellulose : cork 4, soft bast 4, body of root 30. 

Stems. — Vasculose increases in amount with the density of the wood. The 
pith contains : of cellulose 37, paracellulose 38, vasculose 25 per cent. Cork 
contains : matters soluble in acids and alkalies 5, cutose 43, vasculose 29, 
cellulose and paracellulose 12 per cent (cutose and vasculose forming together 
the sub^rine of Chevreul). 

Leaves of Ivy. — Water and substances soluble in neutral solvents 707.7, 
pai'enchyma (formed of cellulose and pectose) 240, fibres and vessels (of vascu- 
lose and paracellulose) 17.3, epidermis (cutose and paracellulose) 35 parts. 

Petals of Dahlia. — Water and soluble matters 961.30, parenchyma (of cel- 
lulose and pectose) 31.63, vasculose 1.20, paracellulose 2.27, cutose 3.60 parts. 
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addition of water, this cavity becomes more clearly defioed, the 

ntiole mass of the cell swells, and the mucilage can then be 
made out as a distinctly 
stratified structure belong- 
ing apparently as much to 
the outer as to the inner 
face of the cell-wall. But 
if the action of water is 
prolonged, the stratified ap- 
pearance vanishes, and the 
wall becomes optically ho- 
mogeneous, with the excep- 
tion of its middle portion, 
the so-called primary mem- 
brane, which remains nn- 
g changed. On the addition 

of iodine and sulphuric 

acid, the primary membrane, but not the mucilage, becomes blue. 

Furthermore, the lateral walls of the cells are not converted 

into mucilage. 

150. The mucilaginous modification can be examined to ad- 
vantage in the seeds of some Polemoniaceie (especially CoUomia) 
and a few Acanthacese, e. g., Ruellia. These seed-coats are 
covered with hairs which brealc open when wet, and allow not 
only the mucilage but also slender coiled threads to escape. 
The achenes of some Compositfe of the Senecio group and the 
nutlets of a few Labiatse (the Salvia tribe) exhibit nearly the 
same phenomenon. 

151. Unification. Induration of the cell-wall is caused 
most commonly by the presence of an incrusting substance 
known as lignin. Owing to the difficulty of separating it from 
the cellulose, with which it is associated, its chemical composi- 
tion must be regarded as uncertain. Although generally spoken 
of as a single substance, it is probable that the lignin, or in- 
crusting matter, is made up of several difiercnt substances,' 

' Pajen (Mem. des savants strangers, ix., 1846, pp. 63, 5) distinguished 
fonr such incrusting matters, diflering in their compositioD and in their be- 
havior to solvents. lAgaose: insoluble in water, ulcobol, ether, and ammo- 
nia; soluble in solutions of potassa and soda, lAgwme: insoluble in water, 
alcohol, and ether ; soluble in ammonia, potassa, and soda. lA^in : In- 
soluble in water and ether; soluble in alcohol, ammonia, potassa, and soda. 
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which occur in different proportions in different plants and in 
different parts of the same plant. 

152. Lignin dissolves readily in Schulze's macerating liquid 
and in potassic hj'drate, but not in cuprammonia, the well- 
known solvent for cellulose. 

153. By the use of Schulze's macerating liquid a lignified cell- 
wall can be wholh' freed from its incrusting substance, and pure 
cellulose will be left behind. For control, it is well to emploj' 
the tests for lignin given below, both with ordinary wood and with 
similar specimens which have been treated with this solvent. 

154. Tests for lignin. 1. Salts of anilin. If a lignified 
cell-wall is subjected to the action of a strong solution of anilin 
sulphate acidulated with sulphuric acid, or to that of a solution 
of anilin chloride acidulated with hvdrochloric acid, it will at 
once turn yellow. The depth of the color depends somewhat 
upon the strength of the solution. The color is destroyed b}^ 
alkalies, but is restored by acids. Wiesner, who first applied the 
foregoing reagents to the detection of lignin, has suggested an- 
other which is for man}' cases even more satisfactory ; namely, 
2. Phloroglucin. In an alcoholic or aqueous solution of this 
substance (.01 per cent) a lignified cell-wall does not change 
color ; but if the specimen is slightly acidulated with hydrochloric 
acid, it becomes violet or purple. 3. Carbolic acid (phenol) 
and hydrochloric acid. The solution described on page 11 im- 
parts to lignified cell-walls, when exposed to a strong light, a 
green color which is very fugitive. Specimens under examination 
should therefore be watched from the moment that the reagent 
reaches them. 4. Indol. An aqpeous solution is to be replaced 
under the cover-glass, after it has moistened the specimen thor- 
oughly, by a little dilute sulphuric acid ; lignified cells will be- 
come red or reddish-violet. This reagent does not appear to have 

Ligniriose : soluble in all the solvents mentioned above, but only to a slight 
extent in water. 

Chemical Composition. 



Lignose . 
Jjignone . 
Lignin . . 
Lignir^ose 



0ellulO8e( of cotton) 



Carbon. 



4610 
60.10 
62.25 
67.91 



44.35 



Hydrogen. 



6.09 
6.82 
6.93 
6.89 



6.14 



Oxygen. 



47.81 
44.08 
31.82 
25.20 



49.61 



According to Franz Schulze, the probable composition of lignin is : Carbon, 
55.55; Hydrogen, 5.83; Oxygen, 38.62. 
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any marked advantage over that which gives nearly the same 
color, namely, phloroglucin. 

155. By the employment of these reagents manj' cell- walls 
have been shown to be distinctly lignified when the older re- 
agent — iodine in solution — failed to detect the change. 

156. Cntinization* Ordinary and lignified cell- walls, and those 
which have undergone the mucilaginous modification, absorb 
water freely. On the other hand, the walls of certain cells found 
chiefly on the exterior of organs are repellent. The substance 
which impaits the repellent character to the cell-wall is known 
as cutin ; when restricted to cork it is called suberin. 

157. Cutin and suberin have been described as different sub- 
stances ; but although the former is more generally associated with 
waxy matters, its reactions are essentially the same as those of 
suberin. The water-proofing of the cell-wall may be superficial, 
as in most young epidermal cells, or it may affect the whole 
structure of the wall, as in the case of cork. If a distinction is 
made between the two states, the first ma}' be termed cutiniza- 
tion, the second, suberification. 

158. Cutin can be removed from the walls with which it is 
associated, by the use of Schulze's macerating liquid, subsequent 
treatment with potassa, and careful washing. It is sometimes 
necessary to heat the section in potassa before the cellulose can 
be completely freed from the other matters. 

159. HohneP has shown that the wall of a cork-cell, with 
the exception of the young cork-cells in Coniferse, is composed of 
five plates: (1) a middle plate, common to the two contiguous 
cells; (2) two plates, one on each side of the latter, consisting 
of cellulose which is both cutinized and lignified ; (3) two plates 
of cellulose forming the inner lining of the respective cells. The 
latter plates ma}' be more or less lignified. Differences in the 
relative proportions of these constituent plates give rise to dif- 
ferences in the character of different kinds of cork. 

160. As in the case of lignin, the diflSculty of extracting cutin 

renders its chemical composition doubtful. It is usually given 

as follows : — 

Carbon 73-74 per cent. 

Hydrogen 10 ** 

Oxygen '. . . 17-16 

But there is also a trace of nitrogenous matter demonstrable ; 
this probably belongs to residual protein matters which are in 

1 Sitzungsber. d. k. Akad. Wien, Bd. Ixxvi. 1 Abth. 
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the cell-cavity, and not in the cell-wall. Sulphuric acid and 
chromic acid, even when concentrated, produce little effect on 
cutinized membranes, beyond removing traces of cellulose pres- 
ent in the cell- wall. The latter acid, however, increases the 
transparency of cutinized membranes, especially after prolonged 
action. 

161. Potassic hydrate softens such membranes and colors 
them yellow ; when heated it breaks them into a granular mass 
which may be removed by careful washing. Cautiously heated 
with Schulze's macerating liquid, they disintegrate into granules 
of eerie acid, — a substance which dissolves in alcohol, ether, and 
benzol. Several of the coal-tar colors stain the cutinized por- 
tions of cell-walls very deeply ; if the specimen thus colored is 
placed in absolute alcohol, the cutinized parts alone remain 
colored.^ Two points relative to the cutinization of epidermal 
cells may be noted : (1) the cutin may take on the form of lay- 
ers, often numerous and conspicuous ; (2) there may be a con- 
siderable irregularity in the outline of the deposits, sometimes 
as folds, hooks, and the like, which do not strictly conform to 
the cellulose wall on which they arise. 

162. Mineralization of the cell-wall. Although all cell-walls, 
even the most delicate, can be shown to contain traces of inor- 
ganic matter, it is only in a few special cases that such substances 
appear in a form to be noticed under the microscope. Minerali- 
zation of the wall may be general or local, may depend upon 
the presence of crystals or of amorphous deposits, and these may 
consist of silicic acid or of calcium salts. 

163. General mineralization of the wall depends most fre- 
quently on silicic acid, and may be best demonstrated by first 
boiling the specimen in nitric acid, drying, heating to redness on 
platinum-foil, and, lastly, treating again with nitric acid. The 
silicic acid remains behind as a delicate skeleton which copies in 
all particulars the contour of the wall of which it formed a part. 
Fine examples are afforded by the harder grasses.^ 

Calcium salts may exist in crystalline or amorphous form, and 
may be distinguished by the tests to be given for them under 
the section on " Crystals." That in some cases the}'' constitute 
an integrant part of the wall itself admits of no question. 

164. In the cells of many plants, especially Urticaceee, pedi- 
cellated concretions occur, which, on superficial examination, 

1 Olivier: Bull. Soc. bot. de Fr., 1880, p. 234. 

2 TahasTieer consists of the siliceous substances which occur in the joints 
of bamboo in large quantities. 
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appear to be much like the sphere-crystals described inl8C. But 
if they are carefully treated with dilute bydrochloric acid, the 
chief part of the concretion disappears, leaving behind a delicate 
trace of cellulose which was intermingled 
with it. That this cellulose was an in- 
trusive growth into the cell from the 
wall, is shown by a studj- of its develop- 
ment. In most cases such concretions 
(Cyatoliths) are plainly stalked, but in 
some instances they are only obscurely 
stalked, and are with difl3culty disthi- 
guished from the ordinary cell concre- 
tions. In the leaf of Ficus elastica (see 
Fig. 6) they are more completelj- devel- 
oped than in any other common plant. 

165. Other changes, chiefly those of 
degradation, may take place in the cell- 
^ wall, giving rise tO' products variously 

known as gums, resins, &c. ; but in all these cases there is such 
a commingling of the cellulose derivatives with those formed 
from the contents of the cell, that they cannot be readilj- dis- 
tinguished. 

166. Protoplasm, as was shown in the previous sections, gives 
rise upon its exterior to the cell-wall. Inside the cell, likewise, 
it produces, either directly or indirectly, various snbatances. In 
the present chapter these substances are to be considered only so 
far as relates to their detection and identification. Most of them 
are to be examined later, with reference to their office in the life 
of plantsi. 

167. Plastlds. In the protoplasm of active cells certain gran- 
ules having substantially the same chemical and, with the excep- 
tion of their color, the same physical properties as protoplasm, 
are clearly difi'erentiated. They are imbedded in the general 
protoplasmic mass, and are not separable from it by mechanical 
means. 

168. Such granules may bo conveniently referred to three 
types, ^ depending upon the color : (1) those which are green, — 

1 Becent investigations render it probable tbat tbeae three kinds of granuleB 
are derived from a comniaii source, and although hardly distinguiahable from 

Flo. 6. Cyatolltb from ttie upper part of a leaf of Floa> elastics, t, epldermta; 
ft, hypoderma; ec, orstollth; c1, eft, cells containlnB chlorophyll. It will beobBorred 
that the pedicel ot UiecyBtoUtb sppeam tube attached to the lower wall of tbeapper 



CHLOROPHYLL GRANULES. 



41 



CMoroplastids^ or chlorophyll granules, also called chloroleu- 
cites ; (2) those which have some color other than green, — 

Ghromoplastids^ or chromoleucites ; (3) those which are devoid 
of color, — Zfeucoplastids, or leucites. 

169. Chlorophyll Granules, 
or Chloroplastids^ are met with 
in the gi;een parts of all plants ; 
in fact, to them the green color 
is due. But they are some- 
times masked b}'^ the presence 
of color in the cell-sap. Their 
shape is spherical or spheroidal, 
and somewhat flattened. They 
have an average diameter of 2 to 
5 /x, but many granules are con- 
siderably larger than this. It 
frequently happens that they be- 
come of great size, owing to the 
presence of solid contents, — for 
instance, starch, — which may 
accumulate in large amount. 

170. If the granules are sub- 
jected to the action of alcohol, 
their coloring matter is wholly 
removed ; but they retain their 
former volume and shape, ap- 
pearing faintly outlined in the 
protoplasmic mass in which 
they are imbedded. Hence it 
is proper to distinguish be- 
tween the chlorophyll body of 
the chloroplastid and the chloro- 
phyll pigment which imparts to 7 
it its characteristic color. 

The chlorophyll body may be shown, by the process described 
in 61, to be somewhat spongy in structure, and to have on its 




each other at the outset, become chloroplastids, chromoplastlds, or leucoplas- 
tids, according to the part which each is to play. Moreover, one kind of 
granule can, under certain conditions, perform work which properly belongs to 
another, and hence it is not always easy to identify the different kinds. In 
most cases, however, their discrimination is very simple. 
They are also called, collectively, Gbromatophores. 

Fig. 7. Chlorophyll granules in the leaf of Vallisneria spiralis. ^^K (Weiss.) 
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exterior a delicate film. Meyer believes tliat the coloring matter 
takes the form of graiiia of extreme minuteness which ai-e inter- 
spersed through the whole suhatance, while Tschireh holds that 
the pigment, dissolved in a liquid similar to the ethereal oils, is 
dilftised through the mass. 

171. If starch is present in lai^e amount in chloroplastids, 
iodine causes at once a deep bluish-brown color ; but if the starch 
is not verj' abundant, the characteristic blue reaction is concealed 
by the yellow produced by the protein reaction of the protoplasm. 
Hence it is well, after having removed the chlorophyll pigment 
by alcohol and subsequent washing with water, to treat the speci- 
men with moderately strong potassic hydrate in order to dissolve 
the protein matters. If this has been well done, and the speci- 
men carefully freed from the potash, the protoplasmic mass and 
its imbedded granules will seem to have completely disappeared ; 
but the skilful use of oblique illumination will show that an un- 
dissolved trace of something having the former contours remains 
behind. Application of iodine brings out minute blue points 
where the granules were. 

Chloral hydrate of the strength recommended in 53 may 
replace potassic hydrate in this examination, 

172. The starch in chlorophyll granules is sometimes wholly 
within the grannie ; but it is occa- 
sionally — especially in the case of 
flattened granules — found on their 
exterior, forming a noticeable pro- 
tuberance, 

173. When a plant containing 
g chlorophyll grannies is kept for a 

time in darkness, the production of 
starch is arrested ; and if other forms of activity continue, even 
that starch which has already accumulated in the granules soon 
disappears. Furthermore, the 
color of the granules is changed 
from green to yellow ; and if the 
change is not arrested at this 
point by bringing the plant 
again into the light, all the 
granules will break up and be- 
come apparently merged in the »o 

FiQ. 8. CUoropliyU granules wllh protrurtlng Blarch-grBitis. From the corMx of 
PbUodendion grandlfollum. 'f. (Sclilmper.) 

FiQ.Bo. rromtliBepWennlsorPJiilodeiiilrongrBiidlfollnni. Young caU irith amjliv 
genlc bodlH Devi}' fbimed. 'f. (Scblmper.) 
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general protoplasmic mass of the cells, being no longer recog- 
nizable. Those, however, which have been changed no further 




than by losa of color, closely resemble another kind of grsunle ; 
namely, leucoplastids. (For exceptions see Chapt«r X). 

174" Leucoplastids. These are found in parts which are 
normally devoid of chlorophyll, such as tubers, rhizomes, etc. 



They may be whplly colorless, or faintly tinged with yellow, and 
hence are apt to escape detection. They may he considered as 
the points around which starch accumulates when stored for the 
future needs of the plant, Schimper,' who first accurately de- 
scribed them in all their relations, terms them " starch genera- 
tors i " they are also known as amylogenic bodies, which of 
course means the same thing. They are seen to the beat advan- 

' Schimper: Bot Zeit., 1880, 1881, 1883. 

Fio. S *. Suds, mors Bdvanood! a, tie amylogenic bodies are coTeral wtth sbirch- 
giolna; b, two nuclei on a cell-wall, eocb sarrounded by amyloianlc badies covered by 
■tOTCb. 'i". ISchlmper. ) 

Pio. 10. a. Young omyli^nlc bodies >UTroDn<Iliigtlie nucleus of ncelMn tbe root of 
Pbajusgrondlfolius; b, same, with starcb-gralns developing; c. same, mare sdvaoceil. 
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tage in thin sections of man}^ starchy tissues, by the use of dilute 
tincture of iodine, which colors them more or less deeply yellow, 
Millon's reagent colors them red. 

Owing to the minuteness of the leucoplastids, the following 
explicit directions by Strasburger will aid in their detection: 
Make thin longitudinal sections through the upper part of a 
young pseudobulb of Phajus grandifolius, taking care that the 
cut extends to its green surface. Immediately place the sections 
in an alcoholic solution of iodine diluted with one half its volume 
of water. (Picric acid may be advantageous!}' used instead of 
the iodine solution.) In good preparations the leucoplastids will 
be seen in the inner part of the section as small staff-shaped 
bodies which, at the first glance, appear to be homogeneous, but 
are afterwards recognized as somewhat granular in structure. 
The section is next to be examined nearer its outer part, and it 
will then be seen that the bodies there possess a green color, 
are larger, and lenticular in form. They are also plainly- porous, 
their increase in size being apparently associated with a spongi- 
ness of their substance. Their size diminishes towards the outer 
cellular la3'ers, the}' become somewhat rounded, and finally take 
the familiar form of chlorophyll granules. Prismatic colorless 
protein crystals are frequently associated with these bodies. 
In sections which are placed in water, the leucoplastids disap- 
pear almost instantaneously, and even the chlorophyll granules 
soon begin to disorganize, while the swollen protein crystals then 
appear as colorless parts of the latter. 

In the rhizome of Iris Germanica the sections for examination 
must be taken parallel to the surface. In uninjured cells the 
leucoplastids appear as collections of protoplasm at the end of 
each starch-granule. If the section is in water, the leucoplastids 
become granular and finally break up into minute granules which 
show the Brownian or molecular movement.^ 

Chromoplastida^ or the color-granules which occur abundantly 
in flowers and fruits, will be specially treated later. 

175. Protein grannies. The protein matters in plants have 
been divided into two classes: (1) the active^ such as active 
protoplasm, the nucleus, etc. ; (2) the reserve^ which can change 
their dormant condition and become active when occasion de- 
mands. Inactive, amorphous protoplasm, as it sometimes exists 
in certain cells, where it is simply a tough shapeless mass, does 
not need further consideration at present ; the reserve matters 

^ Strasburger: Das botan. Practiciim, 1884, pp. 67, 68. 
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noTV tt) be examined being those which take the form of more or 
less regular grains. These which are known aa 

176. Protein granules may be either independent, or asso- 
ciated witli other substances. In 
nearlj- all eases they are more or 
less soluble in water, and hence 
require special treatment for their 
satisfactory examination. Cells 
supposed to contain them may be 
placed for examination in any fixed 
oil, and the granules will remain 
unchanged. ■ A more practicable 
method of treatment is suggested 
by Pfeffer ; namely, to subject the 
granules to the action of an alco- ^ 

holic solution of mercuric chloride, 

by which they are rendered insoluble (see 63). The solution 
is made by dissolving one part of mercuric chloride (corrosive 
sublimate) in flfly parts of absolute alcohol ; in this solution 
the thin sections of seeds, etc., suspected of containing pro- 
tein granules, must be kept for at least twelve hours. Upon 
removal to water, after this period, they remain substantially 
unchanged. The precaution must be ttUien not to touch witik 
any metal the sections atter they have been placed in the 
mercuric chloride solution. 
They must be removed by a 
camet's-hair brush. 

177. The protein matter 
of which protein granules 
consist may be wholly with- 
out definite shape, or a por- 
tion may assume somewhat 
j2 ,3 the form of crj'stals. The 

latter hare been called pro- 
tein crystals or crystalloids, and they are generally associated, 
in the granules of which they form a part, with inorganic matters 
either amorphous or crystalline. Hence in some protein gran- 
ules we have to distinguish between the inorganic contents, the 

FiQ. 11. CsllB ftom cotyledonii of Vlcis wOtb, showlne protelu mfttWn In x Bnelr 
diTlded Btal«. Intenaineled vlth narcb-grenules. (Schmidt.) 

FlO. 12. Protein gtaiioleg (rom the enduBperm of Riclnns oommanlB. The apedmon 
tain oil. ')", {Pfefftr.l 

Fio. 13. Protein gruinlea ftom the endosperm of BIclnue coramunla. Ths ipectmen. 
flnt treated with meicnrlu chloride in abBOluta alcohol, la now In water. *)«. (Ffefllir.J 
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protein crystal-like bodies, and the protein basis or stroma va 
which all of these are held. 

The pr6t«in basis sometimes, if DOt always, appears to consist 
of two substances, differing in their solubility in water, and eom- 
_ mingled as granulose and 

cellulose are in starch- 
granules. While the pro- 
tein basis is generally very 
soluble in water (not per 
se, but owing to the pres- 
ence of potassic phos- 
phate), the protein crystals are insoluble, or only slightly affected 
by it, usually becoming more or less swollen. After solution of 
the protein basis has taken place, a delicate membrane is left. 
behind, and through this transparent film the protein crystals 
are clearly seen. The relative amounts of protein basb and 
protein cnstals varj- widely ; in some cases the former appears 
to be wanting, the latter wholly filling the interior of the mem- 
brane. Such crystals appear in potato-tubers in the form of 




small cubes. Protein crystals of great beauty are easily dem- 
onstrated in the endosperm of the common Brazil-nut (Ber- 
tholletia). Very instructive phenomena are presented when 
different sections of the seed are subjected to the following 

reagents ; (1) osmic acid (one per cent solution) ; (2) biematoxylin 

Fra. 14. single protein granules treated as In Fig. 12. 'i'. (Pfeffiir.) 

Fio.IS. Protein eranuleg from Sllybnmmarianum. In tbe call on tbeleRtberluTS 
CTTatalllne conients ; In that on tlie rlgbt, globolda. Thle section vas taken from tbe 
ootyleilons of a dormant wed, and aKsr treatment with mercuric chloride In alcohol was 
placed in water, 'f". IPreffer.) 

Fio. 16. The meeli oT the ground mass of the cell has been cleared bj dilate petanlc 
hydrate and bjUrnchlotlc acid, n — nuclam. *(°. (Pfefffer.) 

Fio. IT, Cells ftom the cotyledons of a germinating seed wblcb hujnat ruptured the 
seed-coat. The protein (ranoles have diaappeared, but their contents are recoj[iilzable. 
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in concentrated glycerin ; (3) concentrated potassic hydrate, 
water being added afterwards. Permanent preparations of pro- 
tein crystals can be made by first acting on the section with 
mercuric chloride for a day or more, washing in water, staining 
with eosin, and finally mounting in potassic acetate (101). 

The inorganic matters associated with the protein crj-stals 
in protein granules are either 

(1) amorphous or globular con- W ^ ^ 

cretions of a double phosphate of 20 

calcium and magnesium, known j 

as globoida, or (2) crj-stalline ^^ ^^ 

clusters of calcic oxalate. 1|^ ^H^ 

The protein granules, espe- jg j, 

cially those which are most com- 
plex in their composition, are also known as Aleurone grains. 
The protein crystals are generally termed crystalloids} For an 
analytical classification of protein granules in seeds, see pages 
182 and 183. 

178. StOFCb, tlie principal form in which the elaborated food 
of plants is held in reserve, occurs ns minute spheroidal or 
polyhedral granules. Under a suf- 
ficiently high power, and with 
pi-oper management of the mirror 
of the microscope, the single gran- 
ules exhibit an appearance of 
stratification which is sometimes 
very distinct, but more commonly 
obscure ; in the latter case dilute 
chromic acid can be used to ren< 
der the stratification plainer. The 
layers of stratification are ar- 
ranged around a point. — often very eccentrically, aa in potato 

' The fact that protein crystals have, as a rule, lesa oonstaney in tbetr angles 
than inoi-j^nio crystals, taken together with the fact of their awelling when 
immersed in water, has led authors to apeak of them as antalloMl rather than 
as crystals. But Famintdn has recently shown that certain crystalline forms 
artificially produced obscure these distinctions, since they agree more closely in 
some of their physical characters with organic structures than with ordinary 
inorganic crystals (Ber. dt-r Peutsch. hot. Gesellsoh., 1884, p. 32). 

Fid. 19. A cell ftom natmog lying In oil. In tte grnund masn are very mimarona 
cryBlals of fat. Some oT [bo granalee are compound Btarch-granaliix, but others are 
protein grannlea with cryatallolda. The rhombic granule baa hardly any anvelopa. 
»)«, (Pfeffar.) 

Fio. 20. Giobolda of Vltla vlnffera. •?". (Pfeffat.) 

Fio. 21. large protein grannie* from "^tls Tinifera. "9=. [Plfeffer.l 

Flo. 22 Wbeat-gr^n, showing <»11> contaJoIng Btarch-graualea. (Scbmldtl 
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Btarch, or with great regular- 
ity, as in wheat. This point is 
known as the nucleus, or hilum. 
If two or more nuclei are dis- 
cernible, the granule is said to 
be compound. 
23 Occasionally many small sin- 

gle granules cohere slightly to 
form an aggregate which can be easily broken. According to 
Wiesner, there may be as many 
OS 30,000 granules in a siugle 
aggregate of this kind, ^ 

Both simple and compound 
granules may occur in the same 
cell, but some plants have only 
simple, and oUiers only com- 
pound granules. Canua and 
Curcuma may be cited as exam- 
ples of the former ; Jatropha, of 
the latter. 

Since starch occurs in every 
plant in all stages of development, the size of the granules must 
be extremely variable. Nevertheless, a 
frf^ ygfc statement of the more common limits may 
y^f (ffffl aid in their identification. 

^^^ Wiesner gives the following limits of size 
JQk (^J for some of the more common sorts of starch, 

ED A ^^^ first grouping them into small, medium, and 
^^ 9 ^3) lai^fi granules. 

2j ^sJr Smallgranules(from0.002to0.015mm.): 

as the simple granules of rice, oats, budi- 
wheat ; also the smaller granules of wheat, rje, barley, etc. 

Medium granules (from 0,02 to 0.05 mm.) ; as the compound 
granules of rice and oats, the larger ones of wheat, rj-e, and 
barley, the simple granules of Indian corn, and of the common 
leguminous plants. 

Large granules (distinguishable as granules to the naked eye) : 
as the simple granules of Curcuma leucorrhiza, Canna edulis, 
potato, etc. 

Fia. 23. Slarcb^enuialsB rrom tbe batb of Phajiu (^ramllfoUiis. showliig tbe nn- 
cleas at the upper part and the starch generatar of amjlogenlc bodj below, '(i, 
(3(!li1mper.) 
Fro. 2i. CeUBlh>in potato-taber, BbawlnK starch-^amilea (Schmidt.) 
Fio. 2G. Starch^Kraniilesrrom Banaparllla. < Beie and Schmidt. ) 
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Starch is insoluble in cold water, but forms wifli boiling 
water a paste in which all traces of structure ai-e lost. If a 
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specimen of starch be gently heated with water upon a glass 
elide, the granules will be seen to swell at a temperature of 



40''-50° C, and the appearance of stratification will often be- 
come plainer. The alkalies and mineral acids generally hasten the 



FlQ. 28. 




FlO. 2T. 


Starci^anulfB of Indian com. Fio. 30. Starch-granulM of rice. 


Pio. 28. 


Starcli-grADuleg or barlay. Fiq. 31. Starch-gtuialn of poUto. 


Fio. 32 




FlQ. 33. 






SCarch-EranuIra at Vtcia utlTa, lar. leucoapermo. All the flKutes of 



Etarch are tcom Berg and Sclimldt. 
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formation of sUirch-paste, and bring about some other changes, 
such as its eonvei-sion into soluble matters. 

179. Starch is usually said to have the following composition, 
CgHjnOj, and these proportions are doubtless correctly stated ; 
but it is probable that the molecujar constitution is more com- 
plex than this formula would indicate.' 

180. When starch is acted on by saliva or pepsin, it is slowly 
separated into two substances, one of which passes into solution, 
while the other remains as a skeleton, and with little change of 
fomi. This delicate framework, which remains after the soluble 
matter is removed, is closely related to cellulose, as shown by 
its behavior witli reagents, and has received the name of starch 
cellulose. The substance which is removed by the action of saliva 
is termed granvlose. 

181. When 'starch is not associated with too large a propor- 
tion of protein matters, it can always be detected by the blue 
color which it takes with iodine in solution ; but if protein sub- 
stances arc present in considerable amount, they maj' obscure 
the reaction by the yellowish or brown color which iodine im- 
parts to them. Iodine does not, however, always produce a Uue 
color with starch ; the shade may vary towards red, forming a 
purple which may be almost black. Furthermore, as the tran- 
sient color given by this reagent fades, it may pass througji 
various tints of orange and yellow. 

Protein matters which mask the starch reaction may be re- 
moved by careful treatment of the specimen with potassic hy- 
drate (not too coQcenti'ated) , and subsequent washing with pure 
water. After such treatment it sometimes happens that the 
starch appears as a ditfused mass instead of in minute dots. 

182. When starch -granules are seen in polarized light they 
generally exhibit two crossed lines which appear to turn as the 
Nicol prism is revolved. Many kinds of starch give under the 
polarizer characteristic figures, many of them of great beauty. 

183. Innliu, although occurring in solution in cells, is never- 
theless thrown down in characteristic fonns by means of the 
preservative media alcohol and glycerin, and can be examined as 
a solid. If the root of Dahlia, Helianthus, or any of the com- 
mon Composite which store up their food in fleshy undei^ound 
parts, be subjected to the action of alcohol for a few days, thin 
sections will exhibit in the cells peculiar masses of a spheroidal 



' W. Nageli, however, gives the fiirmula for starch aa follows : CggEfjOti. 
Beitr. z. naheren Eeuntniss der Starkegruppe, 1374. 
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form which are diBtinctly radiating in structure. Occasionally 
these masses have lai'ge rifts which run across the surface of the 
sphere. 

In composition, inulin closely resembles starch, but does not 
give any color with iodine. To de- _ 

tect it when in solution, a thin sec- 
tion of the plant containing it is 
moistened on the glass slide with 
absolute alcohol, when a cloudy pre- 
cipitate will at once appear ; in a 
short time (the supply of alcohol 
having been replenished as it evap- 
orates) the specimen grows clearer, 
and small sphEerocrystals of inulin 
are seen. If now the specimen is 
carefully washed with water, the 
emalter granules disappear and the 
well-defined remaiu. 

184. The carbohydrates dlgsolved 
in the cell-sap may be grouped in two 
classes : (1) those which are isomers 
of cellulose (i. e., have the same per- 
centage composition, C^HjoO,) , and (2) the sugars. 

1. The isomers of cellulose are mucilage, gums, and dextrin, 
all of which are probably derivatives of starch. Various sub- 
stances intermediate between them have been described, but the 
above are all that need now be taken into account, (a) Mucilage, 
when not plainly resulting from the breaking up of the celt- 
wall, is colored red by rosolie acid, and the color is not readily 
removed by alcohol. (6) The gums, of which cherry gum 
may be taken as an example, are not tinged by rosolie acid, 
(c) Hextrin can be detected by Troramer's test, which SacJis ap- 
plies as follows : a section which is at least a few cells in thick- 
ness is placed in a porcelain capsule with a strong solution of 
cupric sulphate, and the liquid is heated to boiling ; the specimen 
is then washed in water, and dipped at once in hot potassa. 
If the cells contain either dextrin or grape-sugar, there will 
immediately appear a reddish precipitate. To discriminate be- 
tween dextrin and grafKi-sugar, it is merely necessary to keep 
portions of the plant to be examined in 90 or 95 per cent alcohol, 
which will dissolve out the sugar and leave the dextrin, if any 

ot of CtchcFTj traded with BlcObid. •(•- 
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is present. Usually all the grape-sugar is extracted in a day 
or two. 

2. The sugars. Grape-sugar has been just referred to as 
giving the same reaction as dextrin with Trommer's test. Its 
formula is CeH,jOQ. Cane-sugar, which has the formula CjgHjgOn, 
gives no red precipitate with the same test, but the liquid in the 
cells becomes bright blue, and quickly diffuses into the potassa.^ 

185. Crjstals are of such general occurrence in widely differ- 
ent orders of the higher plants, that there are perhaps none 
in which they maj' not be detected. They have been found in 
nearly all parts of the vegetable structure, more commonly in 
the interior of parenchyma cells, sometimes in speciaUzed crys- 
tal-receptacles, occasionally in the very substance of the cell- 
wall. They occur either singly or in groups ; either separate or 
barel}^ coherent, or in various degrees of combination. 

When solitary and simple they are usually octahedra or 
prisms, and their aggregations are combinations of these. Good 
octahedral crystals are afforded by the petioles of Begonia ; 
examples of the prismatic form are found in the outer scales of 
onions, in orange leaves, in the inner bark of maples and apple- 
trees, and in most of the tissues of Iris and its allies. 

When the prisms are very long and slender their angles and 
faces are seldom well defined.^ Indeed, the most attenuated 
forms are usuallj^ terete, or slightly flattened, and taper gradually 
to a point at both ends. To these De CandoUe long ago gave 
the name Haphides^ — that is, needles.* These are generally 
massed in a compact bundle, like a wheat-sheaf, occupj'ing a 
large part of the interior of the containing cell. 

Raphides are by no means of such general occurrence as 
are ordinary cr^'stals, but (as Gulliver has pointed out) are 
seemingly restricted to certain orders.* They are universal in 
AracesB and Onagraceae. In the common Arums and Callas, 
raphides-bearing cells may readily be found in the parenchyma 



1 Pringsheim's Jahrb., Hi. p. 187. In the Sitzungsber. d. k. Akad. Wien, 
for 1859, Sachs has given colored figui'es illustrative of these reactions. 

* When the longer prisms are clearly defined, they are referable to the mono- 
clinic system. Measurements of angles are given by Holzner, in Flora, 1864, 
p. 292. A paper by Bailey (Am. Joum. of Sc. and Arts, vol. xlviii., 1845, 
p. 17) also contains determinations. 

* Organographie, 1827, p. 125. 

* Gulliver has examined representative plants of all the more important 
orders of the British Flora, with respect to the occurrence of diagnostic crys- 
tals (Annals and Magazine of Natural History, 1863 to 1867). 
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of the leaves, and detached entire ; on becoming turgid when 
wetted, they will usuallj- discbarge their raphides one by one 
from one or both ends of the cell until the bundle is almost 
exhausted.' 

186. When the ordinary octahedral or prismatic crj-stals 
are aggregated or 

combined, they 
generally compose 
a spherical mass. 
Such aggrega- 
tions are of two 
principal types : 
( 1 ) those made 
up of many small 
crystals irregular- 
ly grouped, and 
usually presenting 
sharp points over 

the surface, as m h 

in Fig. 36a,- (2) 

those with a distinctly radiated structure (Fig. 36 i). Good 
examples of the former are abundant in the foliage of Chenopo- 
diaeeae and the stems of Cactaceie. Cluatera belonging to the 
latter, or stellate, typo are not uncommon in Malvaceffi. Both 
forms have been termed Sphmr aphides'^ and Sphere-crystals. 
The term cystolith, sometimes improperly applied to them, 
should be wholly restricted to the peculiar bodies described on 
page 40. 

187. Owing to the mechanical difficulty of isolating plant- 



• Tnrpin(AnnalesilesSc. nat.,sir. 2, tome v., 1838) described the raphidea- 
bearing cells of Calaciiuio, in which this discliBrge takes place, under tlie name 
of U/orirtes. 

* "They are most irregularly scattere<l through the tiasusa of the plant. 
... I have nerer failed to find them in a single species of the order Caryo- 
phyllacesB, Geraniaceie, Lythraces, SaxifragaccEe, and Urticacete, and beliere 
that few if any orders could be named in which sphieraphides do not exist as 
part and parcel of the healthyand groiving structure of the plant " (Gulliver, 
iu Annals and Magazine of Natural History, vol. xii., 1363, p. 227). 

Fig. 30. Tlie mors Important romii nf cryntals of calcic oxalate; a, three cells ttnrn 
the petiole of Begonia manicata; b, ttom the leaf o! Tradescantla illKwtot; c and 
d. fioia the leaf of Allium Cepa; e, from the Inner hark of .Xecului HlppocasCanum; 
/. ib>ni the leaf of Cjcbb revoluta; g. & cell contalntng raphldea. ttom the frond ot 
Lemnatrlanlca; h, a single crystal n'om the same, more highly magnified; 1, spluero- 
crystal from Phallus canlnua. (Kny) 
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cr}*stals for examination, their chemical composition has not yet 
been determined with certainty in all eases. That a protoplas- 
mic film usually envelops both solitary and aggregated crystals, 
can be shown b}- the method pointed out by Pa3-en ; ^ namely, 
by dissolving the crystal slowlj- in very dilute nitric acid, and 
testing with iodine, when the film will become 3'ello wish-brown. 
It has also been made out bejond question that some crystals 
have a considerable admixture of cellulosic matter, and that a 
few others are covered by a membrane of cellulose.^ But these 
two substances do not obscure the chemical reactions in ordinary 
cases, by which it has been shown that the larger number of crys- 
tals consist of calcic oxalate, after which, in frequency of occur- 
rence, comes the carbonate of the same metal. These two salts 
can be easily distinguished from each other b}' the following 
simple tests: — 



Reagent. 


Calcic Oxalate. 


Calcic Carbonate. 


Acetic acid. 
Hydrochloric acid. 


No effect. 

Dissolves without ef- 
fervescence. 


Dissolves with effer- 
vescence. 

Dissolves with effer- 
vescence. 



Since these two salts ma}- occur in the same specimen, it is best 
to use acetic acid first ; b}' this agent all traces of the carbonate 
are removed, and hydrochloric acid can then be applied in order 
to detect the presence of oxalates. Sanio * and Holzner have 
shown conclusively that many crystals which have been supposed 
to be calcic carbonate consist merel}^ of the oxalate. 

Crystals of calcic sulphate have been reported as occurring 
in certain Musacese,* in the bark of the willow, in the roots of 
aconite, br3'on3^, and rhubarb ; and also in the root of a 3'oung 
bean.* Calcic phosphate is said to have been detected in the 



1 Payen : Mem. des savants etrangers,. ix., 1846, p. 91. 

2 Rosanoff (Bot. Zeit., 1865, 1867), Crystals in pith of Ricinus and Kerria. 
Pfitzer (Flora, 1872), crystals in the leaves of orange and the bark of many 
trees. 

Hilgers has investigated the occurrence of crystals at different periods of 
gi'owth of different organs. From his results it appears, (1) that in the very 
youngest parts no crystals are to be found ; (2) they appear, however, very 
early in most parts, and (3) speedily attain their maximum size, after which 
they undergo no change (Pringsheim's Jahrb., vi., 1867, p. 286). 

• Sanio : Monatsber. Berliner Akad., 1857. 

• Van Tieghem : Traite de Botanique, p. 526. 

• Sitzungsberichte der Wiener Akad,, xxxvii., 1859, p. 106. 
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wood of Tectona grandis (Indian Teak).^ Holzner* uses the 
following reaction to detect calcic sulphate : a solution of baric 
chloride (not too concentrated) is brought into contact with 
the crystal under examination ; calcic sulphate soon becomes 
covered with a whitish deposit of baric sulphate. This test 
failed to show the presence of calcic , sulphate in the plant- 
crystals hitherto referred to this salt ; they all gave, however, 
the reaction for the oxalate. 

188. Crystals closely resembling in most respects those which 
are found in cells can be produced by Vesque's method.* Three 
test-tubes are placed side by side : in the first is a moderately 
strong solution of calcic chloride ; in the middle one, a five per 
cent solution of sugar ; and in the third, a solution of potassic 
oxalate. From the liquid in the first to that in the second a 
short strip of filtering-paper runs, and a similar strip passes 
from the second to the third test-tube ; and thus the liquids in 
the three tubes are brought into indirect contact. Crystals will 
be formed in the middle tube, their character depending upon 
the nature of the liquid there. In a solution of sugar, raphides 
are produced ; in pure water, prisms of small size, but with 
sharply defined faces and angles. 

189. According to Souchay and Lenssen,* monoclinic (" Clino- 
rhombic ") crystals of calcic oxalate containing two equivalents 
of water are produced upon quick precipitation, while by very 
slow action right octahedra with six equivalents of water are 
formed. 

A few works of reference are the following : — 

MoHL. Principles of the Anatomy and Physiology of the Vegetable Cell. 
Translated by Henfrey (London, 1852). An octavo of 158. pages. This is an 
excellent translation of a classical work. 

HoFMEiSTER. Die Lehre von der Pflanzenzelle (Leipzig, 1867). An octavo 
of 397 pages. The volume treats very fully of the physical properties of pro- 
toplasm. 

Ebermater. Physiologische Chemie der Pflanzen (Berlin, 1882). This is 
the first volume of an expensive work which deals with the relations of plants 
to soil and climate. 

HusEMANN und HiLGER. Die Pflanzenstoffe (Berlin, 1882). Two large 
volumes. It has very extensive references to the literature of the subject, and 
most of its abstracts are excellent. 

^ Pies: Naturkundig Tijdschrift voor Nedrlandsch-Indie, 1858, p. 345. 
Quoted from Holzner. 

^ Flora, 1864, p. 283. This communication contains a good abstract of the 
literature of plant-crystals up to 1862. 

' Ann. des Sc. nat., s^r. 5, tome xix., 1874, p. 300. 

* Annalen der Chemie und Pharmacie, c, 1856, p. 811. 



CHAPTER II. 

CELLS IN THEIR MODIFICATIONS AND KINDS, AND THE 
TI8SUE8 THEY COMPOSE. 

190. .While cryptogamous plants of the lower grade may 
consist of single cells, or of a series or stratum of simple and 
undifiereotiated cells, phsenogamoua plants, although equally 
simple and hom<^eneous at the initiation of each individual, 
develop into a more complex oi^anization, at an early period 
differentiate some of their cells into peculiar kinds, multiply the 
kinds into tissues or fabric, and of these build up the organs 
and parts which are familiar in oi-dinary vegetation. 

191. The microacropical study of the parts even of a single 
herb or tree, and much more that of a variety of plants, reveals 
numerous forms or kinds of cells, and also (as might be expected 
from their common origin) brings to view series of gradations 
between the kinds, sometimes even between those which are, 
upon the whole, widely ditferentiated from each other. While, 
therefore, a general classification of the cells of any ordinarj- 
plant into kinds is easy, any classiGealJon which shall satis- 
factorily exhibit our present knowledge of the histological ele- 
ments, and discriminate their varieties, is very difficult, if not 
at this time practically impossible. At least, it must be said that 
the most recent classifications are based upon considerations 
of a character too recondite and special to be mastered at the 
beginning by an ordinar}- student. 

192. The most general and obvious division of the histological 
components of a stem, root, or leaf would be into, (1) funda- 
mental or typical cells, and (2) transformed cells. The first are 
those in which the normal cellular character persists without pro- 
found, if any, alteration or disguise ; as in the pulp of leaves, the 
pith of stems, and in a portion of the bark. The second are those 
which assume or affect lengthened or fibrous forms and a longi- 
tudinal development (at least in all axes, and commonly in leaves 
and other expanded organs), and, combined into threads, fasci- 
cles, bundles, or more massive structures, constitute the frame- 
work, which imparts solidity and strength throughout. Some 
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of these cells are so long in proportion to their breadth, and of 
such diminished calibre, that they have naturally been called 
fibres, although all gradations between thera and typical cells 
may be demonstrated. All these cells are interchangeably 
called woody fibres or wood-cells, and one kind of them takes 
the name of bast-cells. 

193. Others are of larger calibre, are peculiarly marked by 
thickenings on certain lines or in certain patterns, incline to be 
developed end to end in a chain or row, and to become confluent 
at the junctions, so as to form conduits of considerable length ; 
these are called vessels, or ducts. Vessels and fibres are 
associated in the plant ; almost ever}' separate thread of frame- 
work consists of both, and so is called a fibro-vascular bundle or 
fascicle. Moreover, the known gradations between the two are 
such as to render a complete distinction between them nearlj' im- 
practicable ; so that they form the fibro-vascular, or, when a 
single word is used, the vascular system. To this system, also, 
pertain specially diffferentiated cells, such as cribrose-cells, in the 
bark, etc. 

194. All these are developed in or among the fundamental 
or untransformed cells, and originate from the differentiation of 
some of them. 

195. The fundamental or typical cells may therefore be said 
to constitute the fundamental sj^stem ; which may also be con- 
veniently called the cellular system, in contradistinction to the 
vascular. 

196. In an ordinary leaf it forms all but the framework of 
ribs and veins ; in the stem of a dicotyledon, the outer bark, the 
pith, and the tslys which traverse the wood ; in that of a mono- 
cot3'ledon, which generally has a looser texture than the last, it 
is the common mass through which the definite bundles of the 
vascular system are distributed. Of the fundamental system, 
the most typical or unmodified cells are such as the chlorophyll- 
bearing cells of leaves and of the green bark of stems, as well as 
those with uncolored contents fqrming the pith, etc. Borrowing 
a word from the old anatomists, the early investigators of vege- 
table structure called tissues composed of such cells Parenchy- 
ma^ perhaps taking the idea of the name from leaves in which 
the veins xire distributed through the softer parts as blood-vessels 
through the parenchyma of the glands. 

197. Parenchyma, therefore, is the name of cellular tissue 
in contradistinction to fibro-vascular tissue. In its primar}^ 
sense, only comparatively soft and thin-walled cellular tissue 
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took this name, and this is indeed tj'pical parenchyma ; but the 
name rightl}' includes, as species or varieties, thicker-walled and 
even solidified tissues composed of cells similar in other respects 
to the type, as those in the hard endosperm of seeds. 

198. A counterpart name, Proaetichyma^ was employed to 
designate tissues foiincd of elongated cells, such especially as 
wood-cells and bast-cells. These being usually thick- walled, 
and those of tj'pical parenchyma thin- walled, this character was 
brought into the definition ; that is, cells of prosenchj-ma were 
said to be thick-walled as well as long and narrow, those of 
parenchyma thin-walled as well as isodiametric. But this dis- 
tinction does not hold out well. All fibro-vascular tissues are 
thin-walled at first, and some remain so ; while portions of pure 
parench3'ma may become thick- walled, firm and hard, or take on 
every intermediate condition. So that prosenchyma may be best 
held to denote tissue of the fibro-vascular S3'8tem, and tj'pically 
that formed of wood-cells.* 

199. An explanation of the mode of production, multiplica- 
tion, and transformation of cells is deferred to a later stage. 
SuflSce it here to advert to the fact that ever\' phsenogamous 
plant, originating in the seed, begins as an isolated cell, which 
develops into a globular cluster of parenchyma cells, and grows 
into the embryo or rudimentary plantlet, taking on the shape and 
degi'ee of development characteristic of its kind. In embryos 
which are considerably developed in the seed, the axis and be- 
ginnings of the leaves are already outlined or rudimentarily 
indicated there ; in others the indication takes place in the early 
stages of germination. 

200. From this if not from an earlier period development 
is no longer homogeneous. A superficial layer of the common 
parenchj'ma becomes distinguishable as the epidermis ; while in 
an inner zone, or at special points, ceii^ain cells develop into ducts 
and wood-cells (prosenchj-ma), and thus are initially. delineated 
the outlines of the systems or regions which are to characterize 
the whole growth; namely, — taking a dicotyledonous embryo 
for the type, — an epidermal la^'cr, a cortical layer, a fibro-vascu- 
lar zone, and a medullary portion. As stem and root develop, 
these primordial tissues complete themselves and have only to 
go on growing, each after its kind ; but at the developing points 
(apex of the stem and of the root), as also in special portions or 



1 **Zu dem Prosenchym im weitem Sinne kbnnen wir auch die Gefasse 
zahlen " (Nageli : Beitrage, i. p. 2). 
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zones, initial differentiation continues. Here the nascent tissue, 
consisting of parenchyma cells, multiplj'ing by successive divi- 
sions, and also the nascent prosench^'ma as it forms and while 
still capable of further division, has been named Meristem. 

201. Meristem, therefore, is not a kind of tissue, but the 
nascent state or early condition of any tissue. It is developing 
parenchyma, either multiplying as such, or differentiating into 
elongated forms, as for instance, in cambium. 

Leaving the processes of cell-development to be considered 
under the head of "Growth," and the disposition of cells and 
tissues in the fabric to be described under the several organs 
(root, stem, leaf, etc.) which they compose, the kinds of cells 
are here to be indicated, without particular reference to their 
arrangement in the plant. In all classifications of objects which 
are understood to have been developed from one type, interme- 
diate forms of almost every gradation are to be expected. It is 
specially so with plant-cells ; and of them it should be said, once 
for all, that the kinds which have received distinct names, with 
or without sufficient reason, are only types, or leading modifica- 
tions, — some of a very marked, some of a quite subordinate 
character.^ 

202. Plant-cells are to be described in this chapter under the 
following classification : — 

I. Cells of the fundamental system, or parenchyma cells, — 
permanent tj'pical cells. 

1. Parenchyma cells, strictly so called, including as modi- 

fications collench3'ma cells and sclerotic parenchyma 
cells, or grit-cells, such as the lignified cells of seed- 
coats and drupes, etc. 

2. Epidermal cells, and their modifications; e. ^., Tri- 

chomes. 

3. Cork-cells, forming suberous parenchj-ma, or cork. 

II. Cells and modified cells of the fibro-vascular system, — pros- 
enchyma in the widest sense. 
1. Cells of prosench3^ma proper. 

a. Typical wood-cells and woody fibres, including libri- 

form cells (Sanio), and the secondary wood-cells 
(De Bary). 

b. Vasiform wood-cells, or Tracheids. 

1 Sometimes a single cell in a uniform tissue may develop unlike its neigh- 
bors as regards one or more of the following characters : form, size, nature of 
cell-wall or cell-contents. Such cells are termed by Sachs, idioblasts. 
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2. Vessels, or ducts. 

a. Dotted. 

b. Spirall}' marked. 

c. Annular. 

d. Reticulated. 
€. Trabecular. 

3. Bast-cells, Bast-fibres, or Liber-fibres. 

III. Sieve-cells, or Cribrose-cells. 

IV. Latex-cells. 

Intercellular spaces and canals are neither cells nor tissues, 
but they requu*e consideration in connection with them. 

L Cells of the Fundamental System, — Parenchyma in the iTvidest 
sense, including Modifications for Protective Surfaces. 

PARENCHYMA. 

203. This term is applied at present to all t3'pical cellular 
tissue except that which belongs to the epidermal system. It 

therefore constitutes 
the mass which sur- 
rounds fibro- vascu- 
lar bundles, forming 
pith, medullary raj's, 
the pulp of leaves 
and fruits, etc. It 
occurs in nearly all 
parts of all plants. 

The elements of 
parenchj'ma are sim- 
ple cells more or less 
separable from each 
other, in some cases 
by slight pressure, 
and in others by the 
cautious use of a 
macerating solution. 
The cells vary greatly in form, but usually are polyhedral or 
spheroidal. Extended classifications of the cells themselves, 
based upon form, have been made, but they are of no utilit}' 
and of small historical interest. Yet three principal shapes may 
well be distinguished ; namely, short or isodiametric, elongated, 
and flattened. 




Fio. 37. Parenchyma from stem of Marrubium. i}«. (Jacobs.) 



^ 



PARENCHYMA. 



61 




88 



204. In the 3^ouDgest state of organs short parenchyma cells 
form the whole mass ; here they are relatively small, filled with 
protoplasm, and have 
HO intercellular spaces. 
Later they are changed 
in shape and size, may 
have conspicuous in- 
tercellular spaces, and 
the protoplasm may be 
replaced, at least in 
part, by other matters. 

205. If the cells are 
loosely aggregated and 
have conspicuous in- 
tercellular spaces, the 
tissue is called spongy 
'parenchyma. The cells 
in such cases are apt 
to be more or less 
branched, and in some plants assume regular stellate forms. 

206. Elongated parenchyma cells are generallj'' more com- 
pactly combined than the short ones. They are well seen in the 

upper part of most leaves, where 
they have received the significant 
name palisade-cells. 

207. Flattened parenchyma 
cells are the common form in the 
vertical plates (medullary rays) 
which radiate from the pith to 
the bark in woody plants. 

208. The walls of tj'pical pa- 
renchyma cells are thin, and may 
be variously marked with pits, 
especially at the points of con- 
tact with other cells. Thicken- 
ing threads forming reticulations 
and spirals are not uncommon ; 
the latter occur in the aerial 
roots of OrchidaceaB. A crum- 
pling or folding-in of the wall is seen in some of the cells of pine 
leaves. 




Fig. 38. Forms of parenchyma in leaf of Pyrus communis. (Jacobs.) 
Fia. 39. From pith of Sambucns nigra, showing pitted walls. (Oris.) 
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209. Thin-walled parenchj-ma cells plaj an important part m 
asBimilating and storing, and special names are given to cells 
which have these offices, such ae chlorophyll parenchyma, starch 
parenchyma, etc. In the tissues of most auccnlenta, and in the 
leaves of a few plants, some of the parenchyma cells are filled 
with clear sap and more or less mucilaginous matter, and con- 
stitute the so-called water tissue. 

210. The walls of typical parenchyma cells consist of ordinary 



cellulose ; but even shght deviations from the type furnish good 
illustrations of lignified and of cutinized membranes. 

211. Lignification may increase the thickness of the cell-wall, 
greatly reducing the cell-cavity, or it may merely harden the 
membrane without much thickening. The parenchyma cells 
found associated with other elements in woody tissues have 
walls of the latter character ; the grit-cells in pears and many 
other fruits show good examples of the former. Such hardened 
<'ells are called sclerotic parenchyma cells. 

Fio.40. Sclsrotdc pannchynu celli from bull ol tbe pear. (WaiM.) 
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In many cases it can be shown that canals run through these 
thickened walls, as shown in 
Fig. 41.1 

212. Certain modifled pa- 
renchyma cellsareoften united 
to form sheaths around flbro- 
vaseular bundles. These cells 
are prismatic, and in close 
ap[)osition. Their walls are 
thin, except at their faces of 
mutual contact, where they are 
conspicuously thickened, and 
often plicate, and nearly all 
parts of the membrane are ^^ 

more or leas cutinized. 

213. These cells con- 
stitute the endodermis. 
They generally contain a 
large amount of starch. 

214. Parenchyma cells 
may undergo the mu- 
cilaginous modification 
(see 147) , as in the con- 
ductive tissue of the 
stj'le of many flowers 
and the albumen of many 
seeds. This change is 
common also in the lower 
plants. 

215. An appearance 




some points that pro- 
duced by the mucilagi- 
nous modification is pr&< 



1 A BDiutid kind of sclerotic parenchpna sometimes accompanies the longer 
aclerotic cells in «, few ferna and some monocotyledona. Its cells appear as if 
segments of a. joiuted fibre, somewhat flattened on the side ne^it the long eella, 
and decidedly convei on the other. Such flattened cells are unequally thick- 
ened on the two aides, and the walls are somewhat ailicitied. But the most 
striking feature in many cases U the deposition within the cavity of the cell 
of a mass of silicic acid ; this is well seen in the hard cells which accompany 
the fibro-vascular threads in the leaves of some palma. 

Fio. 41. A solerattc cell from tbe nntsbeU of Jaglans reglft. (Reinke.) 
Fio. 42. Section through the cantral c jIlDder of a binary root of a tmcuIu erypte- 
jam (Cyathoa medullarlri. y, r, r — ewfodennij. (Van Tlegliem ) 
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seated by the parenchyma cella just under the epidermis, or 
outer layers of cells, in many plants. The cell-wall is thickened 



very considerahly at the angles, and upon the application of 
dilute adds swells greatly, hut without becoming clearly muci- 
laginous. When moist, 
such cells have a bluish- 
white color and a marked 
lustre. They are known 
as 

216. Collenchfrna cells. 
They are generally some- 
what elongated, and so 
united as to form threads 
which possess great 
sti'ength, and are believed 
to serve an important me- 
chanical ofQce in the plant. 
Good examples of these 
are afforded by the stems 
M of many Umbelliferse. 



217. This is the outermost layer of cells covering the sur- 
face of the plant. In some of the higher plants it persists with 
little change throughout the life of the organism ; in others it is 

PiO.43. ParenchirmawithTiillBwhichht 
a, from tlie centre of the style of Salvia ecal 
elongsta. (Capne.) 

Fig. «. Trunnvsrse section of root-etock of Si 
cells Jnst under lbs epidermis, rp. Note also the ordluB 
endodermis at op. (Van Xleghem.) 
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sooner or later thrown off, and replaced by a subjacent protective 
tissue, — cork. 

218. Except at peculiar openings (stomata, etc.), the epider- 
mal cells are in close apposition. Upon their exposed surface 
they are cutinized, and thus a continuous hyaline film is formed, 
known as the Cuticle.^ 

219. Sometimes the epidermis may be torn off without much 
disturbing the underlying tissues. 

220. Besides the cells which compose the proper tissue of the 
epidermis, there are certain ap- 
pendages or accessory structures, 
mainl}^ hairs or analogous pro- 
ductions (together called tri- 
chomes), and peculiar cells which 
constitute the stoniata. 

221. Epidermal cells proper are 
in uninterrupted contact. They 
are usually of a tabular or pris- 
matic form. The lines which 
mark their outlines as viewed 

45 

from above are sometimes 

straight, but ofbener sinuous, at least on the longer sides of the 
cell, which here as elsewhere correspond with the direction of 
growth. Near stomata and trichomes the cells frequently assume 
very irregular forms. 

222. Their upper or free surface is generally slightly convex, 
and often has minute outgrowths, for instance, in velvety petals ; 
when these are larger and longer, they constitute the simplest 
form of plant hairs. 

223. Delicate epidermis possesses thin walls ; but in a large 
number of fleshy and tough plants the walls have considerable 
thickening, yet not alwaj's on the same part. Thus in the leaves 
of Cj'cads the upper wall is the thicker ; in many Bromeliacese, 
the lower and side walls. In a few cases the cell-cavity is nearly 
filled by the thickening material. Stratification, striation, and 
pitting of the cell-wall may also occur, great diversity existing 
in all these respects. 

224. When the epidermis is very delicate, the demonstration 
of the thin film of cuticle requires great care in the employment 

^ By De CandoUe the term cuticle was applied to the layers of epidermal 
cells, and not restricted to the cutinized film (Physiologie, J.832, p. 109). 

Fig. 45. stoma of Sambucus nigra surrounded by epidermis. 

5 
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of the reageots. AccoiiJing to de Bary,* the cuticle merely 
covers the pui-e soft cellulose membrane of the epidermal cells 
when these are thin-walled', but when the walls are thicker, 
eepeciaOy in epidenais which is long-lived, that part of the cell- 
wall which borders on the cuticle becomes infiltrated with cutin, 
and thus there arise one or moi'e layers of modified cellulose, 
each of which exhibits the reac- 
tions of cutin. When such cells are 
treated with warm potasslc hydratf 
(a tea per cent solution is, on the 
whole, etroug enough), the cutin is 
slowly removed, and the cellulose 
wall remains, although with con- 
siderable loss of substance. Walls 
which are thus impregnated with 
cutin in strata form cuticularized 
layers? The management of s 
warm solution of potasslc hydrate, 
in order to obtain satisfactory re- 
sults in the demonstration of th* 
fine stratification, demands much 
care. It is advisable to apply verj 
gradual increments of heat to the 
glass slide in the case of the more 
delicate specimens. 

225. Waxy and resinous matters 

" are frequently associated with the 

cuticle. In some cases the amount 

of such substances is large, and assumes commercial impoi-tance. 

The young leaves of the wax palm (Ceroxylon andieola) are said 

• VBrgleichende Anatomie, p- 80. 

s This division into appamnt lamellie can be easily demonstral«d in somt 
cases by the application of chloroiodide of zinc, which imparts a yeUowisl 
color to thfi thick film, eicept at its outer aurface. Mohl explained the stmo 
ture of the exposed cell-wall in Viscum album, where the film U very thick 
as followa: "The epidermis cells consist here of two or three generatLoni 
enclosed one within another, of which all the thickened walls on the outei 
Bide have become blended together into a membrane composing the cuticle. 
These layers are to be called the cuticular layera ot the epidermis, to dia 
tinguish them from the mass secreted on the outside of the cells, the trn< 

Fia. 48 TrBoaverseseotloiiofthalaarorAloeTBmicoBa: o, Buction In water, — Oil 
non^mtlmJatlMd parts of Uie membranes shaded; above these are tbe caOcnW 
Ittveni covered by the caticla proper; 6, section heated fn potaaaio hydrate; IhocntloU 
proper has been raised from the onticolartea* layers ; c section boiled In potsssic ny. 
drat* ; cotlcia proper removed, epidermal cells lepar »ted , ontlcular layers dlsanBrnlshed 
'bj Onar stralJficatlan. 
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to yield twenty-five pounds of wax to each tree. Bayberry wax 
is a more familiar example. 

226. To such waxy coatings is due the glaucous appearance 
of the leaves and fruits of many plants. The coatings are chiefly 
of the following kinds (de Bary ^) : — 

1. Coherent layers or incrustations upon the epidermis. 2. 
Crowded vertical rods of considerable length, as, for instance, 
those on the internodes of Saccharum ofiicinarum, from ten to 
fifteen hundredths of a millimeter in height. 3. Very short 
rods or rounded grains. These, on the leaves of Tropseolum, 
are not very near together, but on those of the cabbage, tulip, 
etc., are more crowded. 4. When the grains are more minute, 
and have the shape of needles irregularly massed together, they 
constitute the peculiar bloom of the leaves of Eucalyptus, 
Ricinus, etc. 

227. Between the above kinds there are many intermediate 
ones. Agave Americana, for instance, furnishing forms between 
the two last named. 

228. Epidermal cells proper have a delicate lining of proto- 
plasm and a distinct nucleus. The cell-sap is generally colorless 
and transparent, allowing light to pass with ver}'^ little obstruc- 
tion to the la3'ers beneath the epidermis ; but in some cases 
it is so colored as to impart a conspicuous hue to the plant. 
In many water-plants there is no well-marked distinction be- 
tween epidermis and the subjacent tissue, even the cells of 
the upper la3^er containing chlorophyll, but epidermal cells are 
mostly free from either chlorophyll or starch. Brongniart has 
shown that some amphibious plants have chlorophyll in the 
epidermal cells of the aquatic but not of the terrestrial form. 
That the rule^ is not universal is shown by Callitriche, which, 
according to Hegelmaier, has epidermis without chlorophyll in 
both forms. 

229. Epidermis usually consists of only one stratum of cells, 
but it may be made up of two, three, or even more layers. 
Division of the original epidermal cells by one or more partitions 
parallel to the surface of the leaf gives rise to superposed cells ; 
and thus multiple epidermis results, as in the upper surface of 

cuticle, which is soluble in caustic potash, and in most cases forms but a very 
thin coating over the epidermal cells " (Veg. Cell, Henfrey*s trans., p. 35). 
Good examples for study of the different kinds of cuticular infiltrations are 
afforded by the following, — leaves of Dianthus caryophyllus, Galanthus nivalis, 
Ilex, Pinus, Hoya, Sassafras, and Taxus, and twigs of Viscum and of Oleander. 
^ Botanische Zeitung, 1871. 
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tiie leaves of many Ri^ecies of Pepetx>miu, Ficus, and Begotii 
Multiple epidermis is not always of even thickness throughou 
Bometimea a portion may be only one or two cells thick, wh' 
adjacent portions are composed of many layere. Such difft 
ences are generally associated with the occurrence of stomat 
hairs, etc. The subjacent cells in some forms of multiple ei 
dermis are smaller thau those above them, and in these cas 
the arrangement of the cells in the successive layers presen 
striking inequalities. 

230. Tricbonies. Und 
this teiTD are included t 
multifarious forma of haii 
scales, bristles, and prickle 

Saira are sometimes 
diverse forms on the sat 
plant, and even on the sat 
part, but sometimes so pe< 
liar and uniform througho 
lai^e genera, or even oi^dei 
that they aid in their ide 
tiflcation; as, for instam 
in Malpighiacete, Loasacei 
and Elffiagnacere. 

231. Simplehaii-s,wheth 
branched or unbranched, a 
formed by the prolongatii 
of a single epidermal ce 
either slight, forming 
mere papilla, or to a gre 
length, as in the so-calli 
fibres of cotton. Sim): 
hairs are abundant upon tl 
rootletei of most plants at 
little distance behind the a 

vaocing tip, where they play an important part. 

232. Compound hairs are of all degrees of coi 
plexity. They may start fl-om a single cell, or fro 
a group of cells, and may have the derivative eel 
arranged in many ways. The cells at or near tl 




ri0.4Tii. TJppetportlonorajlBndularlnilrof MurtTiiiiiprobosciaBft. 'V- (MarUM 
"^a, 4T6. VlawfromaboY6, of fho upper portion nrihBBamB. 'J=. (Marllnet | 
Tra, 48. CynogloBsnm offlctnale. LoDgituainal section through a jooDg aupA 
itle at the beginning of the tbkkeiUug. »(". IStrasburger.) 
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They may form an emi- 

■ they may be somewhat 
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foot of the hair may differ somewhat ii 
ment from the other epidermal cells. 
nenee upon which the foot restB, oi 
sunken so that the body of the hair 
hardly reaches the general surface of 
the epidermis ; but usuallj' the hair 
projects for a considerable distance 
above the border of the depression, 

Both simple and compound hairs 
may be variously curved and 
branched, giving rise to stellate and 
many other forms. 

233. Scales are trichomes which 
are mostly compound, and consist 
of discs borne bj' their edges or cen- 
tres, either with or without a short 
foot or stalk. If the disc is com- 
posed of radiating cells, the scale 
becomes stellate, a form which re- 
sembles or passes into the stellate 
and tufted hairs common in Mal- 
vacese, etc. Well-marked stellate 
scales are met with in Oleace^ and 
Elieagnaceie. 

234. Bristles, priclles and e 
stouter outgrowths. When such outgrowths are truly epidermal, 
they come off with the epidermis. 

Hairs, scales, and prickles differ very greatly as to their per- 
sistence, some being exceedingly short-lived, as, for instance, 
the hairs which occur on roots ; while others, for instance the 
prickles on the rose, last for long periods. 

235. In ceitain outgrowths from the edges of leaves or else- 
where the structure is complicated by the presence of a portion 
of tlie underlying iVamework. This is notably the case in the 
friuge upon the leaves of Droserace^e. There are all degrees of 
variatiou between such trichomatous outgrowths and spinulose 
teeth, or lobes. 

236. The consistence of the cell-wall in trichomes varies 
widely, from extreme tenuity to the density of a silicified wall. 
The more delicate hairs are transparent, so that the contents 



spines are firmer or 



i : a, (Tom Hnmolm (tbe bop) ; i, sUUate hair 
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can be plainly Been, thus affording opportunity for examining 
tlie movements of protoplasm, and for the study of the effects 
of reagents upon the contents of cells. 

Young hairs contain much jirotoplasmic matter; at a later 
stage they have a lai^e proportion of cell-sap ; still later many 
are filled only with air. 

237. At first the epidermis is always completely continu- 
ous, the cells being in close contact witii each other; but 
sooo there appear, especially in leaves, guarded openings 
through which the interior of the plant is brought into com- 
munication with the surrounding atmosphere. These apertures 
are of two principal kinds, the most important and widely dis- 
tributed being 

238. Stomata. These are combinations of epidermal cells of 
a pecaliar character, between 

1\ which a narrow slit extends 
directly through the epidermis 
to an intercellular space be- 
low. The cells bordering the 
slit are well termed guaidian 
cells, on account of their 
opening and closing under 
certain circumstances. The 
neighboring epidermal cells 
are frequently arranged in a 
definite order; and the po- 
sition of the stoma has in 

many cases a plain relation to the underlying framework. 
Stomata belong especially to green organs exposed to the air ; 

but they have been detected on all superficial paits of the plant, 

with tiie exception of roots.* 

239. Viewed from above, stomata api>ear generally as elliptical 
bodies through which runs a narrow slit in the direction of the 
longer diameter. Each guardian cell is therefore half the ellipse. 
The cleft varies in width according to certain external condi- 



• The following caaea are cited by de Buy (Vergl. Anat., p. 40) : On rliizo- 
rosta and tubers (young potatt>es), on the perianth, the anther (m Lilinm 
bulbifemm), on the pistil, on the Beed-coat (Cannit). Plitiits destitute of cbloro- 
phyll may also be destitute of Btomata, as in MoDotropa Hypopitya ; or havs 
them only on the pistil, aa in Lathnea. 

LboTe, (StTBsbnrger.) 
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tions hereafter to be described, the stoma being in fact a deli- 
cately* balanced valve. A vertical section shows that the outer 
part of the opening is wider than the narrow passage farther 
down, and that the space below this widens somewhat towards 
the intercellular cavity.^ 



1 The following table, compiled from figures given by Weiss, gives the num- 
ber of stomata on the upper and under sides of the leaves of various plants 
for the most part readily procurable by students. To show the wide differences 
in size, the longer and shorter diameters have been added, and, finally, the frac- 
tion of a square millimeter covered by a single stoma. 



Name of plant. 



Abies balsamea . . . 
Abies nigra .... 
Acer Paeudoplatanus, L. 

Amarantas caudatus, L. 

Anemone nemorosa, L. 
Asclepias incarnata, L. 

Avena sativa, L. . . 



Berberis valgaria, L. . 
Betala alba, L. . . . 
Brassica uleracea, L. . 
BuxuM sempervirens . 
Galtha palustris, L. 
Euphorbia Cyparissias, 
Ficos elastica .... 
Qalantlius nivalin, L . 
Geraniam Bobertianum 
Helianthus annnnfl, L. 
Hydrangea qaercifolia, 
Ilex Gassine .... 
Juglans nigra, L. . . 
Lilium bulbiferum, L. 
Maclura aurantiaca, Nutt 

Mimosa pudica, L. 



Bertr. 



Moras alba, L. . . 

Nymphfloa alba, L. . 
Pinus Strobas, L. . 
Pinas sylvestris, L. 
Pisum sativum, L. . 
Pittosporam Tobira, Ait, 

PopuluB dilatata, Alt. 

Bibes aureum, Pursli . 
Secale cereale, L. . . 
Sequoia gigantea (young 
Silene innata, Sm. . . 
Solanum Dulcamara . 
Stellaria media, Sm. . 
Syringa vulgaris, L. . 
vinca minor, L. . . . 
Vinca minor, var. variegata 
Zea Mais, L 



plants) 



Number in 
sq. mm. 



§^ 





31 



171 


67 

48 



•s 



6- 



228 

82 

400 

193 

67 
191 

27 






229 





237 


219 


301 





208 


— 


43 





269 





145 


30 


65 


— 


297 


176 


325 





330 





212 





461 





62 





261 


138 


302 





480 


460 





142 





60 


71 


101 


216 





382 


66 


270 





145 


__ 


25 





82 


71 


166 


60 


263 


128 


— . 





330 





477 





405 


94 


158 



t 

a 
5 



0.047 
0.042 
0.024 
0.012 
0.026 
0.046 
0.026 
0.064 
0.060 
0.033 
0.029 

0.032 
0.042 
0.027 
0.028 
0.034 
0.045 
0.034 
0.020 
0.029 
0.024 
0.071 
0.022 
f 0.017 
0.026 
0.018 
0.029 
0.026 
0.054 
0.034 
0.024 
0.031 
0.035 
0.033 
0.036 
0.051 
0.053 
0.033 
0.021 
0.029 
0.028 
0.029 
0.024 
0.037 



I 

n 



0.031 

0.027 

0.017 

I 0.012 

I 0.017 

■0.040 

0.018 

[0.035 

[0.060 

0.022 

0.018 

0.031 
0.034 
0.018 
0.019 
0.022 
0.032 
0.023 
0.019 
0.025 
0.018 
0.050 
0.016 
[0.009 
0.015 
; 0.008 
0.021 
0.022 
0.032 
0.023 
0.017 
0.027 
0.024 
0.021 
0.025 
029 
0.033 
0.021 
0.014 
0.026 
0.016 
0.018 
0.016 
0.029 



The space In a 

sa mm. covered 

oy a stoma. 



^ 





0.0276 



0.0195 


0.0247 

0.0706 




0.1137 








0.0176 

0.1074 






0.0164 



0.2070 
0.1945 
0.0307 
0.0323 


0.0363 






0.0386 
0.0139 
0.0768 






0.0792 






0.2(160 
0.0781 
0.1280 

0.0672 

0.0947 
00702 

0.0664 

0.1305 
0.0972 

0.0942 
0.0482 
0.0989 
0.1187 
0.0323 
0.3356 
0.1995 
0.1015 
0.1206 
0.1563 
0.1751 
0.0695 

0.0927 
0.0547 



0.0436 
0.0691 
0.2494 

0.1471 

0.1026 
0.0269 
0.1434 
0.0905 
0.0607 

0.1162 
0.1961 
0.1223 
0.1332 
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The cells thus slight!}^ separated at 
by subsequent growth 
bring about changes 
in the relations of the 
neighboring cells. 

In Sedum, as shown 
by Strasburger, there 
are preparatory divi- 
sions in different di- 
rections, while in 
some monocotyledons 
there are simultaneous 
divisions in contigu- 
ous epidermal cells. 

241. Stomata are 
not present, at least 
in a perfect form, in any submerged 



240. As appears from 
the following figures, the 
first stage in the devel- 
opment of an ordinarj'' 
stoma is the separation 
of a part of an epider- 
mal cell bv means of a 
vertical partition, thus 
forming the mother-cell 
of the stoma. This 
next divides bj' a verti- 
cal plane which soon 
exhibits a narrow chink, 
their common wall ma^' 




63a 



plant. In aquatics with 




536 




53c 



Fig. 62. Vertical section of stoma of Hyacinthus orientalis. (Strasburger. ) 
Fio. 53 a, &, c. Three stages in the development of the stomata of Sedum spurium. 
Fig. 53c shows the narrow slit made by the neighboring epidermal cells. (Strasburger.) 
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floating leaves they are confined to the npper surface of the 
leaf. The leaves of certain plants, as those of monocotyledons 
and those which take a vertical po- 
sition, have them in nearly equal 
numbers on the two sides ; but in 
most eases the number on the under 
exceeds that on the upper surfaee, 
as will be seen from the table on 
page 71. As regards the approxi- 
mate number on leaves of average 
size in some of our common plants, 
the following figures may be of 




Nymphsea . . ' 7,650,000 

Brasttica oleri^^ea 11,510,000 

Helianthus aunuua 13,000,000 

242. Water-pores. Directly over the extremities of the fibres 
of the framework of many green leaves are found apertures in 



the epidermis which have no true guardian cells,* but which 
closely resemble ordinary stomata in moat other respects. Owing 



' That is, the bordering cells do ui 



le under external influeocea. 



FlQ. 64. Vertical section of Bloma of ScdumBpurim 
Fia. 65. Watar-porea In leaf of Hodiea coctlnea, 

ao ordiaaiy et^ma (tbe lower one) and n water-nora (tbi 

of leaf Tbe riglit-hand figure sbons tba 

Zlegbem.) 



(Straabnrger. ) 

a left-liana figure sbowa both ' 
ra (tne upper], as seen on upper aatbse 
iredlsplayedbyavecticalBectioD. (Van 
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to the fact that their cavit}- answering to the intercellular space 
of a stoma is often filled with water instead of air, these have 
been called water-pores. At certain times liquid water passes 
through these pores, collecting at the opening and sometimes 
leaving there, upon evaporation, slight incrustations of calcic 
carbonate. Water-pores assume different forms and vary much 
in size. Good examples are afforded b}'^ many Aroideae, bj' the 
teeth of the leaves in some species of Fuchsia, the leaf-margins 
in TropaBolum, etc.^ 

Small rifts of nearly the same shape can be found in certain 
grasses ; but in these the aperture comes from a mechanical i*up- 
ture,^ and the underlying structure is very simple.* 

CORK. 

243. This protective tissue is formed beneath and replaces 
epidermis in the older superficial parts of plants ; it also con- 
stitutes the films b}' which wounds are healed. Only the inner 
la3'ers of cork- tissue possess cellular activit}', those which lie 
outside of them having perished : the former contain protoplasm 
and- are capable of cell-division; the latter contain air, and 
occasionally small clusters of crj'stals. The inner, active, and 
growing la3'ers are known as cork meristem, cork cambium, or 
Phdlogen ; the outer, produced from this and no longer living, 
make up the bulk of the outer bark, and are ordinarily called 
cork. Although the older cork-tissues must be further described 
in Chapter III., under ''Bark," their elements may be conven- 
ientlj' treated of now in connection with the cells which produce 
them. 

244. Origin. Cork may arise from several different sources, 
the principal of which are the following: (1) from division of 
cells in the epidermis {e, g,^ species of Pjtus, Salix, Viburnum, 
etc.) ; (2) more commonl}' from underlying parenchj'ma, in a few 
cases even from that which occurs in the inner bark (the bast 
parenchyma), as in Vitis and Spiraea; (3) from parenchj'ma at 
injured surfaces, as in the healing of wounds. 

245. It is normally produced upon the stems and roots of 
flowering plants, especially dicotyledons. Its cells are generally 



1 For a full account of water-pores, see de Bary's Anatomic, p. 64, and 
Jahrb. konigl. botan. Garten, Berlin, 1883. 
a De Bary : Anatomic, p. 57. 
8 Gardiner : Proceedings Camb. Phil. See., 1883. 
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formed by the division of the mother-cell into two tabular cells, by 
a partition parallel to the surface of the organ. In most cases 
the outer cell becomes 
cork, while the inner re- 
tains its power of division 
and in turn prodnces new 
cells. But with the first 
appearance of the cork- 
layer a change takes place 
in all layers lying to the 
outside of it : they are cut 
off fi'om nutritive supplies 
and soon die. The con- 
tinuous layers of cork are 
called, collectively, Peri- 
derm, a name restricted „ 
by Mohl to tough cork in 
distinction from soft cork, 
but now employed with a 
wider siguification. 

246. Cork meristem 
gives rise to successive 
layers of cork-cells ; if the 

new layers differ much ^ 

from the prec-eding in the ' 

shape and size of their cells, an apjaarance of stratification 
naturally results. Cotlt, meristem maj', in_ exceptional instances, 
produce on its inner side permanent paifcnchyma, the cells of 
which contain chloroplij'll ; these green layers are called Phel- 
loderm, and are observed well in the beech, willow, etc. (see 
Chapter III.). 

247. Cork-cells are tabular, or sometimes cubical, and with 
few exceptions have no intercellular spaces. In the case of very 
flat cells which coliei-e more firmly latei-ally than in the line of 
the radius, the cork-tissue may be readily separated in films or 
sheets. 

248. The walls of older cork-cells are cutinized or suberized^ 
throughout. The demonstration of cellulose in cork-cells is not 
possible unless the cells have been first acted on by solvents, 

Fio. 56, Formation of pork inabranGliofElbeBiiip'Hm, one year old; partoftriin*- 
E4reiiGhyma. Boniewliat distorted^ 
" 'i ihi, pliolloderm ; b, baat-cel!*. 
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such as caustic potash, and the like. But sometatnes the cell- 
wall seems to be completely changed into cork-substaace. 

249. Cork- substance behaves towards reagents in nearly all 
respects as cutin does (see 157). 




250. Cells which have been completely snberized can be sepa- 
rated from each other by the gradual action of Schulze's macer- 
ating solution.^ 

251. The color of cork-cells is not dependent upon the amount 
of the change of the wall into cork- substance. The walls of the 
cells in some species of willow are colorless, while those in other 
species are distinctly yellow ; and yet the former have been as 
thoroughly changed into cork- substance as the latter. 

— FrosenoIiTmB in tba 

252. The cells and modified cells of this system constitute 
the framework of a plant. In a few of the higher and in many 
of the lower plants it is barely if at all developed, the entire 
structure consisting, in such cases, of a mass of parenchyma 
covered by epidermis. But in most plants it exists as a skeleton 



1 This fact has led to the belief that there exists in such cases aa interme- 
diate plate which differs it its charaoUr from the ivst of the cell-wall ; but 
prolonged action of the same reagent, especially with warming, causes the cella 
to hrealc down and ultimately form a disorganized mass. 



Pra. B 



...v<,>»»..v ,,»E<>^. 1, flret layers. .^ — 
oDtElds tbe first layer of cork (sliowi 
in D. (Sanlu.) 



sorfc nnd secondary ci 



ji In Betiilav 
1, layer wlifc 



micosft. ,*, B, C, D, 
divides in fi, to gii» 
wbicli again dlyldu 
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bringing all parts into closer relations, and strengthening the 
whole. 

253. The cells are normally of considerable length in pro- 
portion to the transverse diameter, and are generally more or 
less sharply pointed (prosenchyma proper). The most impor- 
tant of the modified cells belonging to this system unite to form 
long rows in which the terminal partitions are nearly or quite 
obliterated, throwing the cavities into one, and thus forming a 
cylinder, termed a dicct. Between proper prosenchyma cells 
and ducts there are numerous connecting forms which render 
impossible any attempt at classifying them exactly.^ 

Associated with these cells, but differing in some important 
particulars, are cribrose and latex cells, which for convenience 
are here to receive separate treatment. 

254. Before developing the provisional classification given 
on page 59, attention must first be directed to the peculiar 
transitional forms constantly met with, which belong as much 
to parenchyma as to prosenchyma, but are more conveniently 
examined in connection with the associated wood-eilements. 

Chief among these intermediate forms must be mentioned 
those of which Fig. 58, No. 9, may be taken as a represen- 
tative. Here the whole structural element is isolated as an 
elongated combination of three cells, one of which has fiattened 
ends, while the other two, attached to these ends, have their 
free extremities pointed. In spite of their form, such cells are 
usually described as wood-parenchyma cells. When their walls 
are thicker, they are not easily distinguishable from septate 
libriform cells (see 263). 

255. The forms shown in Fig. 59, No. 19, are common in 
the wood of many plants, notably the oaks. They are rela- 
tively small, have rather blunt extremities and thin walls. They 
occur with these characters especially in the autumnal wood of 
the oaks (see 395), while in the spring wood they are apt to 



1 For the satisfactory study of the relations of the elements of prosenchyma, 
very thin sections are necessary; but for the examination of the elements them- 
selves, recouree to some process of maceration, by which they can be isolated, 
is always desirable. In general, there is nothing preferable to Schulze's solu- 
tion in any strength adapted to the special case; it must be remembered that 
the slow action of a dilute solution gives better results than the more rapid 
action of a concentrated one. If the section to be examined is first subjected to 
the action of the macerating solution of proper strength and then thoroughly 
washed, it can be dissected at pleasure under a high power of a simple lens. 
This method is always to be preferred to the ordinary one of disintegrating the 
whole specimen and obtaining a confused mass of separated cells. 
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pass over into the variety shown in Fig. 59, No. 18. The lati 
are known as " conjugate cells." 

PR08ENCHYMA PROPEE. 
256. Tjpical wood-cells. These are best illustrated by ek 
gated, often pointed cells, of which good examples are found 
the cambium layer (that is, the layer of merismatic or formati 



Fio. SS. Drawings of wnod-elitmante. 1-T. Avicennla ap. 1. Wood-parencbyi 
cells nnlted wltb eaeh other; tangential sectloD. 2, 3,4. Conjugate wood-parencbji 
cells Isolated b; Schalia's solution. 6, S, Portions of epiralLy striated librirortn Sbi 
Isolated by Schulze's solution. T. The soptTim of a duct, 8-12. Teclona grandlii t 
elemants separatad bj" maceration. B. Conjugate wood-paronchTina cells. 9. Ordina 
wood-pflrenchyma fibre. 10. SobBtlCuls fibre. II. Simple ilbrltorm fibre. 12. S( 
tate llbrlform flbre. IS. Forlleria bygrometrica; conjugate BubstiCnt« flbiee seen 
radial section. The wood-cellg are omltteil In order not to confuse tbo dbcrai 
37. Radial section throagb tbe vood of Jstropba Manibot. 38. Tangential aecLI 
through a llbrlforni fibre and two cells from a medullary ray of tbe same plai 
39-42. Baet-cells of Cytisus Labnmum. 39. Cross-section through a part of a yoa 
bast-bundle acted on by chloroiodide of zinc. 40, 41, 42 Orosa-sectloiis through yon: 
bast-cells, acted on by chloroiodide of zinc. (Santo.) 
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tissue just under the bark of dicotyledonous plants). Their 
walls are thin, and at first nearly or quite free from pits or 
other markings. 

They grade into tliree constantly recurring foims; namely, 
(1) parenchyma (see 254) ; (2) attenuated forms, often so slen- 



der as to deserve the name of fibres ; (3) forms with peculiar 
markings at most points of contact, and thus much resembling 

ducts or vessels. 

FlQ. bS. DrewlDgs of wood-elemente. 13. Trocheld from Tectona grandlg, 14-ia 
Porllerla h;grometrica. U. Conji^aite aubatituta fibres seen In traciveTse secUoD. 
10. Ordinary sabstituto fibre After maceration. 17^ IS. Conjugate BubfltLtate fibres 
after maceration. 19-22, Gftlsue I^bnttinra; tbe elements separated by maceration. 
IB. Wood-parenchyma fibre. SO. SabBtltuteflbre. 21, Simple llbriformfibre. 22. Tni- 
cbeld. as, Gr<n.sactlon (lirangli tbe cambium and youngest wood of CytlBus labur- 
num, 24-2t, DactsOMmMahonlaAqulfOllnm, 24. After maceration, 2S, LangltDdlnal 
section, 26-31, Ducts from Hlerodum, Hparated by maceration; ahowlne the ex- 
tremity only, 32-34, Dncts It-om Onorpordon Bcanthlum, separated by maceration. 
3S, Spirally marked duct t^m Villi vlnUera, alter maceratiDO. 38, Llbrtfomi fibre 
from Jatropha Monthot, (Sanio,) 
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257. The drawings of wood-elements represented in Figs. 59 
and 60 are from tanio's work, and are given with his nomen- 
clature. The cells figured in Nos. 10 and 16, termed by Sanio 
substitute fibres (German, Ersatzfasern), answer well to the type 
of prosenchyma. When these cells are much reduced in calibre, 
they are known as libriform fibres. 

258. Ordinary prosenchyma cells usually have simple pits, but 
no true spirals. The pits may be round, and 'of the same size as 
those on the ducts with which thej' may be in contact, but some- 
times, they are elongated slits, and run obliquely, as shown in 
Fig. 60. If two of these cells are in contact, processes may 
extend from one cell to corresponding protrusions in the other, 
and thus one cell is united with the next. By careful macera- 
tion such cells can be separated, and then each appears to have 
one or more rows of square teeth or short tubes. It sometimes 
happens that the wall at the end of these intrusive tubes is 
broken down, thus allowing free communication between the 
cells. 

Good examples of substitution cells are to be found in the 
wood of Magnolia, Liriodendron, many Leguminosaj, etc. They 
are not so coinmon, however, as conjugate parenchyma cells (see 
Fig. 59). 

. 259. Woody fibres are of two chief classes : (1) those in 
which the narrowed cavity is continuous throughout the whole 
length, and (2) those which have partitions dividing it (sep- 
tate fibres). 

The first class has been again divided into two groups depend- 
ing upon the presence of starch, but the division is not wholly 
satisfactory. The first group comprises all those fibres which 
have a trace of protoplasm, while those of the second have also 
more or less starch, and generally some tannin. 

All of these wood3' fibres resemble the bast-fibres of the inner 
bark ot dicotj^ledons so closelj^ that they have been well called 
libriform. The^' are* described by Sanio, from w^hose paper on 
the subject most of these names are taken, as being always 
spindle or fibre-form, relatively strongly thickened, and occa- 
sionall}^ furnished with bordered pits which somewhat resemble 
those of vasiform elements (264), but are smaller and less 
clearly defined. They never have true spiral markings, and 
very seldom an}- spiral striation. They contain during the 
periods of rest of vegetation in winter more or less starch, 
and perhaps some chlorophyll and tannin, but at other times 
only air. 
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260. The unseptate fibres, the true libriform cells, are only 
sparingly pitted, except in a few species like Oleander, where 
they are pitted on both the radial and tangential walls. The 
pits are generally elongated and oblique, and according to Sanio 
always running from left to right. 

261. The cell- wall of these fibres is always lignified, and pre- 
sents three layers ; and in some instances there is also a layer 
which is plainlj^ gelatinous, e. ^., in Betula and Alnus. These 
gelatinized fibres are not found in all of the annual rings, nor 
in all parts of even one ring. 

262. Libriform cells are variable in length in different plants ; 
some of the shortest occurring in Daphne Mezereum, .14 mm., 
and the longer in Avicennia, 2 mm. In all fcases they are the 
longest elements in the mass of wood. They are generallj^ sim- 
ple, but occasionally branched cells are met with, as in Tilia and 
Cladrastis. They are sometimes irregularly grouped together, 
sometimes radiallj' arranged. Species of Magnolia exhibit the 
latter, Ulmus the former, mode of arrangement. 

263. Septate libriform cells have sometimes been confounded 
with wood-parenchyma; but Sanio points out the following 
distinctive characters : (1) they are alwa^'S thicker walled ; 
(2) they have oblique slits, while wood-parenchj'ma has only 
roundish pits ; (3) they become septate only after the thicken- 
ing has progressed to some extent, while in wood-parenchyma 
the divisions begin before the cambium cells ^ from which it is 
derived have begun to thicken. 

Septate libriform cells are less common than any other woody 
element; examples, however, are not rare in Vitis, Hedera, 
and Rubus. 

264. Vasiform elements. Neither of the two forms already 
considered — namely, typical wood-cells and woody fibres — has 
distinctive spiral markings or true bordered pits (that is, dis- 
coid markings) ; but another important class of wood-elements, 
of which mention must next be made, is characterized bj^ such 
thickenings. 

265. To this class of elements it is diflScult to give any 
satisfactory name. They have been collectively termed vascu- 
lar, but a large part of them are comparatively short and closed, 
and cannot be properl}^ known as ducts or vessels ; the name 
Tracheal (or Tracheary), more widely employed, is open to 



* The iminediate derivatives from the cambium, which are partly formed 
woody fibres, have been termed cambium fibres (Sanio : Bot. Zeit., 1863). 

6 
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the objection that while it is a significant term when applied to 
trachea-like bodies (ducts) it is a misnomer when applied to an 
elongated cell wholly free from annular or spiral markings. 

266. Tracheal cells are of two chief kinds : (1) those which 
are closed throughout, — at least until a verj^ late stage of devel- 
opment; (2) those formed by rows of cells which lose their 
intervening partitions, and hence are thrown into a long canal, 
or vessel. The former are known as TracJieids^ the latter as 
Trachece; for which terms may be substituted the following, 
applicable in nearly all cases, — Wbod-ceU and Duct. 

The distinctive markings of trache'ids and tracheae are bordered 
pits, or discoid markings, and various thickenings of which the 
spiral ma}' be taken as an example. 

Tracheids and tracheae further agree in the following point : 
when complete, the protoplasmic mass disappears, leaving gen- 
erally no trace. The cavity is filled in a few cases with watery 
fluid, in some with water and air, but in most with air alone. 
Occasionallj' other matters may be found in the tracheae, for in- 
stance, latex ; but these are so exceptional as to need no further 
mention at this point. 

267. Tasiform wood-cells^ or tracheids, are elongated and taper- 
ing cells, more or less lignified, and having peculiar markings, 
the principal kinds of which, although previously referred to in 
133, require a more extended treatment here. 

268. Bordered pits, called also areolated dots and discoid mark- 
ings, are very common, especially in wood of gyninosperms, 
where they form a characteristic feature both in fossil and 

t 

1 But the term tracJield, as usually understood, is applied to wood-cells with 
peculiar markings, next to be described. 

Tlie following measurements by Sanio show the difference between the length 
of some tracheids and the libriform cells in the same plant : — 

Tracbeids. Libriforni cells. 

Bhamuus catharticus . 28 mm. .52 mm. 

^sculus Hippocastanum 26 ** .43 ** 

Daphne Mezereum 15 " .21 ** 

Ribesnibrum 49 " .47 " 

Where, however, the tracheids alone are present, they are sometimes much 
longer ; for instance, in Staphylea pinnata, 1 mm., and in Philadelphus coro- 
narius, .85 mm. 

According to Sanio, the bordered pits of ducts are the same as those of the 
tracheids, as regards size, form, and usually as regards frequency. 

Occasionally tracheids are found which are plainly septate. It thus appears 
that the tracheids form a gradation between true ducts and libriform cells with 
bordered pits. 
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recent plants. When the wood in a pine stem is cat radially, 
the flattened sides of the wood-cells exhibit the dotted appear- 
ance seen in Fig. 61. The number and mode of distribution of 
the markings in the wood- 
cells or tracheids of Co- <• 
niferre are so nearly con- 
stant, that they may be 
used with con side mble 

certainty in the diserimi- ^ 

nation of a few genei-a. 

269. In a transverse 
section of the mature tra- 
chelds the discoid mark- 
ings are plainly seen to 
be pits having an arched 
border or incomplete 
dom€, and it is also 
seen that the thin spot 
or pit 13 common to 
two contiguous cells. 
Hence the two domes,' 

being on opposite sides of a partition -wall, have a lens shape, 
and the centi'al perforations are nearly or exactly opposite each 
other (Fig. 62). Even in the same speci- 
men the bordered pits vaiy within com- 
paratively narrow limits both as regards 
the size of the disc and that of the central 
aperture. 

The two domes making up a single dis- 
coid marking are at first separated by a 
delicate plate of unequal thickness ; bnt 
later this middle lamella may be broken 
down, and then a free passage extends 
from one cell to the other. 

The character of the domes and the mid- 
dle plate can be understood fi-om the ac- 
companj-ing figures of sections of the stem of Finus sylvestris 
(Figs. 62 and 63). According to Sanio, the sections should be 
boiled in acetic acid, in oi-der to remove all cell- contents. 



Fra, 60. AreolHteil or dlacllbrm markings of the wooit-ceUB (CracbeUg) ot IMnns 
Laiicio : a, »»pecC ol radial "alls ; b, a tmnsverw secUon ; c, development ef tbe 
markings In PInue eylvestrle. (Sanlo.) 

Fias. el and 62. Pinna ■TlTeatrla. TranavBiwi Bactloni of nearly perfect and perfwt 
diecoid markings. (SttasburEsr.) 
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The cambiam-cells and the youngest tracheids have uniform 
and smooth walls, but in those next older there appear thin 

spots, which are well defined above 
and below, but not on the sides, for 
here they grade off into the thicker 
part of the wall. In the cells which 
are still older the thin places take the 
shape of discoid markings, and are 
clearly seen in any radial view. Com- 
parison of radial with transverse sec- 
tions shows that at the margins of the 
thin places a portion of the wall ex- 
tends as a slight projection upwards, 
and partly over the spot. In the more 
mature form the thin place is still re- 
tained as a delicate plate separating 
the two cells, but easily broken down 
perhaps in further growth. 

270. Scalariform markings (see 
134) are especially abundant in ferns. 
The bordered pits are much elongated, 
and appear as clefts with onlj^ narrow 
portions of the wall between them 
(Fig. 64 l). They often follow each 
other with as much regularitj'- as the 
** rounds" of a ladder, whence the name (from scalaria^ — a 
flight of steps). They are more commonly found in 

DUCTS. 

271. Ducts, or Tracheae, are variously' marked by pits, and 
by the thickenings described in Chapter I. Some of the more 
common forms of dots are shown in Fig. 64. 

Spiral, annular, and reticulated markings are all formed by 
the thickening of parts of the wall by which narrow lines or 
bands are produced on the inner surface. In these cases the 
poitions of the wall which are not thickened are often of extreme 
tenuity, and break upon slight pressure or strain, permitting the 
spiral to uncoil or the rings to separate (Fig. 64, a «')• 

272. Spiral markings. The number of threads or narrow 
bands varies from one to fifteen or even twent}', the latter in the 
petioles of Musa.^ They wind, as a rule, from right to left ; 

1 De Bary : Vergleichende Anatomie, 1877, p. 163. 

Fig. 63. Pinus sylvestrls. Cross-section through the caxnbinm and young wood-cells. 
(Straabiirger. ) 




63 
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but, according to MobI, tVom left to rigUt ia s few plants. Thus 
in the wood of Vitia vinifera, Berberia vulgaris, and some Others, 
they run froai left to right in the ducts first formed, but in the 
reverse direction in those which are produced later. And by 
interruption of the spiral it may have two directions ia the 
same duct, as in those of Cucurbita.' The steepness of the 



spiral depends in part on the age of the oell, or vessel, — at least 
in some cases. According to Mohl, " if the vessel ia developed 
in an organ which has already completed its longitudinal growth, 
the turns of the spiral lie close together ; but if the oi^an under- 
goes elongation after the completion of the development of the 
vessel, the turns of the fibre are drawn far apart by the stretch- 
ing which the vessel suffei-s ; consequentlj' very loosely wound 
spiral vessels are usually found in the posterior first-formed por- 
tion of the vascular bundle nearest to the pith, while those lying 
nearest the bark have close convolutions."^ 

'273. Annular and reticulated markings have been regai'ded as 
mechanical modifications of spirals, and it is true that inter- 
mediate forms exist between these types. For instance, tightly 
wound spirals are nearly annular, and in some cases there are 
threads which run either vertically or obliquely from one part of 
a spiral to the contiguous thread. But even in the youngest 
states of some ducts the markings appear as rings or as a net- 

' Mohl ; Vemiischte Scliriften, 1852, pp. 287, 321, Ueber den Bau dw 
Einggefasse. 

! Mohl : Vflgntable Cell, Eng. Trans., 1852, p. 19. 

Fio. 64. Vertical radial >ecUon of )i jpocotyl of Rlclnns communis, illDstratliiE dlSbt- 
ent matkCngB ol ducts; ft, pitted; 1, scalahform; I's. spiral, tlia splials begiimitigt« 
UDCoU. (Saclie.l 
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work. While, therefore, they may and probably do have a 
common origin with spirals, it is not necessary to assume, nor is 
it probable, that they have resulted from mechanical displace- 
ments of them. The relative positions of the separate rings 
may be explained in the same way as the steepness of the 
spirals.^ 

274. Cases are met with, in which pmjections from the wall 
may extend nearly or quite across the cell-cavity, somewhat after 
the manner of beams. Such cross-beam cells or ducts are called 
trabecular. A good example can be found in some of the trache'ids 
of the leaf of Juniperus communis.' 



1 '* The notion was extensively held that the spiral fibre could not follow 
the expansion which the vessel underwent during its growth, and tore up into 
fragments which were again united into rings, and thus brought about the 
formation of annular vessels. Completely as this idea, which was a contradic- 
tion to all observation, had been refuted by Moldenhawer, it remained a stand- 
ing article in all phytotomical writings up to Meyen's Physiologic " (Mohl : 
Vegetable Cell, p. 21). 

* De Bary : Vergleichende Anatomic, p. 171. 

The following measurements of wood-cells and ducts are given by Wies- 
ner (Die Rohstoffe des Pflanzenreiches, 1873, p. 525) : — 

Average diameter of wood-cells. 

Rhus Cotinus 7.5 /*. 

Lonicera Xylosteon 9.8 '* 

Salix Capraea 11.0 ** 

Viburnum Lantana 22.0 " 

Alnus glutinosa 25.0 '* 

Fraxinus excelsior 28.0 " 

Average diameter of dncts. 

Hflematoxylon Campechianum 112 /*• 

Caesalpinia Sappan 120 " 

Ochroma Lagopus 140 '* 

Fraxinus excelsior 140 ** 

Ulmus campestris 158 

Tectona grandis 160 

Juglans regin 220 

Carya alba 248 

Quercus sp 200 to 800 " 

The ducts in the foregoing examples are so large that in cross-section 
they can easily be seen by the naked eye. The following are considerably 
smaller : — 

Tilia sp 60 M. 

Acer sp 71 ** 

Alnus sp 76 ** 

Rhus Cotinus 80 " 

Betulasp 85 " 



n 
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275. Tyloses. If a cell still growing is in contact with a duct 
at one or more of its perforations, the cell may intrude into the 
cavity of the duct, and to a considerable extent. Such intrusive 
growths are known as Tyloses (German, Thyllen). 

If the intrusive portion of the t^'losis further multipUes, pro- 
ducing new cells, the cavity of the duct may contain a confused 
mass of irregular cells of various shapes and sizes. Such masses 
are often found in the ducts of Quercus alba, Q. castanea, Q. ma- 
crocarpa, Q. tinctoria, Q. virens, Castanea vesca, Carya alba, 
C. olivaeformis, C. amara, Juglans nigra. Sassafras officinalis, 
Morus rubra, Madura aurantiaca, and Robinia Fseudacacia. In 
the latter they are especially striking.^ 

BAST-FIBRES (LIBER-FIBRES). 
(Sclerenchyma of many recent German authors.) 

276. The name hast was originally given to the inner bark of 
the linden (bass-wood), and hence originated its use as a prefix 
in *' bast-matting," etc.; the name liber was applied in a more 
general wa^^, namel}', to any smooth inner bark (upon w^hich one 
could write). That which imparts strength to inner bark, mak- 
ing it of use in the arts, consists of long and tough cells with 
very much reduced calibre ; but these are not confined b}' any 
means to inner bark. Owing to this fact, some have thought best 
to abandon the terms bast and liber for such cells, and adopt, 
on account of their firmness, a term formerly given to grit-cells, 
namely, sclerenchj^ma ; the older terms, however, are not likely 
to lead to confusion, whereas the other might. It is in the bark 
of dicotyledons that liber-cells or liber-fibres occur most abun- 
dantly. 

Their prevailing shape is that of a slender spindle, which may 
taper simply, or may be somewhat forked at the extremity. 



The following can bo seen only under a lens : — 

Euonymus Europaeus 20 fi. 

Fagus sp. ..'.... 28 " 

Craticgus sp 80 " 

Ligustnim sp 3g 

Pyrus communis 40 



<< 
fi 



1 Mr. P. H. Dudley, who communicates some of the names in this list, adds 
in his note : ** So far I have never found any tyloses in ducts with scalariform 
markings." 
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Occasionally fibres which are very much branched are met -wiOi, 
Dotably in liie leaves of Camellia, for instance common tea ; see 
Fig. 68. Generally the walls are thickened unevenly, even form- 
ing conspicuous projections into the cavity of the cell ; while 
some fibres have regular and characteristic markings, a few 




of which are shown in Fig. 65. Septate forms are occasionally 
found. The change in the character of the cell-wall which ac- 
companies the thickening is essentially lign ideation, like that 
observed in wood-cells and ducts. It is generally said that the 
walls of libor-cells are less brittle than those of the elements 
of wood, and this is commonly so; but there are some flexible 
wood -elements, and there are, on the other hand, some very 
brittle fibres of sclerenchyma. The thickening of the wall in 
liber-cells takes place not only in different degrees, but with va- 
riations in tlie amount of infiltration of foreign matters, which 
give rise to differences in the behavior of the fibres with reagents. 
In a few cases the inner part of thfe wall is somewhat gelatinous 



ID bwt-fibrei DBed la tt 



- BAST-FIBBES. 89 

and poasesses the power of swelling in water and in dilnte acids 
(compai'e Collench3-ma) ; in some others the outer part of the wall 
is gelatinous, while the inner is hard. Morus alba, Gleditschia 
triauanthos, and Eobinia Pseudacacia are examples of the first, 
Astragalus faJcatus of the second, condition (Sanio). 

277. One of the most striking characters of the bast-fibres of 
many plants is the abundance of ciystals found therein. Ex- 
cellent examples are afforded by the inner bark of some of our 
ligneous plants (294). 




278. The firm attachment of fibres to those above and those 
below them has given rise to erroneous ideas relative to the 
length of single fibres, as the table on the following page shows.' 

By careful management it is possible to isolate a connected 
thread of fibres of great length ; the value of fibres for textile 
purposes depends lai^ely upon this fact. 



' The table on page 90 has been c 
also by Vetillart, which are here real 



npiled from data given by Wiesner and 
anged for greater convenience of rofer- 



Fio, BB. Flbra of Agave Amerieana; a and b,f ; c, '1°. Only tta nppec part of 
eacli fibre Issbunn Iti tbe left-hand tigures. Tlie right-hand flguie >hows a cioss-Bectlon 

and complale Sbrea, b, the upper part of a single one, c, a crosa-aectlon or a |[roDp of 
cells. 

Fid. 68. Transvetse section through leaf at Camellia {Thea) vlrldla. ahovlnj;: 
o, Bpldermli; 6, branched llb«r-cell ; d.oll-drep; e, crjstala. (MlcbeL) 
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CRIBR08E-CBLL8. Vl 

HL Ciibrose-oells, Sieve-cellB, or Sieve-tubes. 

279. In the inner bark of stems of dicotyledons witli normal 
structure certain long cells of peculiar character are found as- 
sociated with bast-fibres. They 
are of tubular or prismatic form, 
and are characterized by the pres- 
ence of cii-cumscribed panels in 
the walls, in which are numerous 
fine perforations permitting com- 
munication between contiguous 
cells. The panels ai'e known as 
sieve-plates ; the perforations, as 
sieve-pores. These cells consti- 
tute an essential, though by no ^ ™ 
means always a conspicuous, element of fibro-vasculai- bundles. 
Taken collectively, 
they may be known 
as cribriform tissue. 
By their union end to 
end they appear like 
long tubes with the 
continuity interrupted 
here and there by cross 
partitions. These par- 
titions which separate 
the individual cells 
are sometimes nearly 
horizontal, but more 
generally oblique, as 
shown in the annexed 
figures where they 
mostly cut the lateral 
wall of the cell at a 
sbaip angle. 

280. The walls of 

cribrose-eells are 

never lignifled ; on 

71 the contrary, they are 

Fio, S9. I^niis eylvestrlB. Face vtew ot roillol wall conMnlng two cribrose-plate* 
wholly deprlTerl of cbUub. ^'. (Janczewski.) 

FiQ. 70. Pinm gylvestrtn. EadiBl wall o( a joung tabo, moe Tiew. The future orl- 
bnwe-plates are composed of ca11u8.c;linders, ailing tlie meshsB of a cellulose network. 
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veiy soft and colorless. Owing to their yielding cbaracter, it is 
not easy to malie satisfactory sections for their demonstration, 
from fresh mateiial ; it is better 
to Iteep the material in alcohol 
for a while, or to dry it care- 
fully, as Russow advises. All 
8ections,'to show the sieve-cells, 



must be very thin. The following measurements of single lai^ 
cells given by de Bary serve to indicate their wide range in size : 

LoDEtb, mm. TrotiSTcrBa dluneter, mm. 

CuourbitaPfipo 370 -.450 . . . .045 

Calamus Kotang . . . . 2.000 . . . .030-.050 

Fotamogeton oataDS . . .275 . . . .025 



Vitis V 



281. The sieve-plates occur at the iraints of contact of sieve- 
cells. They are always found at the ends of the cells, and may 

<«ll» isolaloil hy maceration ; tbe KpU nre In tljelr winter slate. B, branching ol 
crlbroBe.cell Isolated by maceration. r,lai>^ntia!xectia>i across nmedullarjray.aliow- 
[ng tlie trangrerse Bnaitomoali ofcTlbroge-cells; the colluii at the septa Is in iU winter 
stale. (Wllbelm.) 

Fio. TZ, Ciibr(iae.cellBlnyitt>TlnlfC[a. Longitndlnil ton^ntlal B«Han (be^ulng 
nfjalyjthrongh the bast oFa stem I cm. thick; t'17, ciibrase.i:elle. the oblique ns veil as 
nne horizontal perGirated se|>tiim cut longitudinally. The face of one septum, tiowever, 
issliown at the npper part of the flgore ; rm, medullary rays. (DeBary.) 

Fro, 73, CucurUU Fepo Longitudinal eeetlon showing termini] iteTc-platea at 
<7, q, and a literal one at si,- pa, contracled protoplasm. (Saolihl 
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likewise appear upon the lateral walls. When the terminal par- 
titions are horizonUl, or nearly so, they are cross-plates, the 
whole partition forming one plate ; but on very oblique ends the 
plates may he separated and lie in one or more rows. The plates on 
the walls are smaller and irregularly distributed. On parts of the 
wall contiguous to cells of any other kind there 
may be dots; there is yet some doubt as to 
whether they are perforations. 

The diameter of the sieve-pores is given by 
Mohl as not far from 2 ^ ; but although some 
are even 5 ^ in diameter, the former figure is 
too high for the average. 

282. Thatwhieh 
ia cliaracteristic 
of sieve-plates, in 
distinction from 
groups of perfo- 
rations elsewhere 
found, is a thick- 
ening mass, of 
. hluish lustre and 
appnrGDtly homo- 
geneous struc- 
ture, known tech- 
nically as the 
callus. It is best 
shown at the ter- 
minal plates, es- 
pecially after the 
application of a 
solution of iodine 
which turns it 

yellow, and makes " ^' 

it more sharply defined. In concentrated sulphuric acid and in 
the strong alkalies this mass swells up so as to be several times 
its original size ; and in the former it soon dissolves, leaving 
only slender threads in its place. The ctmracter of the callus 



F[a. H. ^niu BjlTesCiia. Tranaveree ■action xroes four en II rely poulva tab«, 
wlilch are BDmewtiaE campressaJ laterally, ujt*. (Janczeweki.) 

Fio. 75. Flnua sylvestrli. Terminal partition. A tabs lueected ii[h>ii the radial 
wall. The pnrBB of tHo ternilaal partition aro flUed with warty cbIIub, In the mldrt of 
whloh the celluloee network may always be seen; In the pore of the radial wall the 
callus Is completely amootb and rooDd. Tangential wction. "f. (JaocHwaki.) 
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varies with the age of the cell and 
shown in the figuics. 

283. Anilin blue is the best pign 
form of the callus clearly. If, as Hue 
be supplemented b}' that of Schulze'f 
seen to be made up of at least two 
the depth of color. In joung and acti 
usuallj' appears to be a gelatinous laye 
plate ; in most old cells it is no longer 

284. Contents of the cells. In the 
just referred to, the cells contain a 
more or less granular matter, and the t 
film of protoplasmic substance. That 
toplasmic nature is not clear, althou 
suggest this. It frequently contains i 
nhich sometimes give a bluish-brow 
starch which has been acted on by diaJ 
a ferment is present in the cells in 
old, most cells lose not only the callus 
of their other contents. In active 
found very small but brilliant globule 
All the contents above mentioned vai 
different periods of the year, 

285. The sieve-cells of the higlie 
shown by Janczewaki " to be nearly if 
all seasons. In gymnosperms, they p 
the first, or the e\'oiutive, in wliich the 
the cells themselves containing parietu 
or passive, stage, in which the proto] 
and communication between the con 
monocotyledons and dicotyledons the 
namely, the evolutive, the active, the tr 

IV. Latez-cella, Iiati 

286. Certain plants when wounded ( 
as latex. They belong to widely sepai 
to Papaveraeeie, Campanulacece, Asch 

The cells in which latex occurs ar 
ness of cell-wall which renders them ei 
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bounded by turgeseent 

tissues, their contents 

readily escape through 

any incision. 
Latex-cells are not 

restricted to any one 

organ of the plant, but 

maj", and generally do, 

occur in all parts, and 

may be associated with 

more tlian one tlssue- 

sj'steni. Thej- are, how- 
ever, usually found in 

parenchyma, and run in 

the same general direc- 
tion as the fibro-vascular 

bundles near which they ™ 

lie. For convenience, they may be divided into the simple and 
» * the complex. 

287. The simple 
forms are single 
cells, which may be 
ranch and variously 
branched. Subse- 

quent to the devel- 
opment of one of 
these cells in a plant, 
and when it has ex- 
tended its ramifica- 
tions throughout the 
different organs, a 
new cell may inde- 
pendently give lisc to 
new branchings, and 
to a new system, some 
of the bi-ancUcs of 
the two cells perhaps 
becoming confluent. 
Good examples of the 
^ simple forma arc af- 

Fia. TO. Lonsttudlaal Bectlon tlirough a sepal of CbelldoDlun majus, (bowing iBtei- 
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EECEPTACLES FOR SECRETIONS. 

292. Individual cells (idioblasts) may differ greatly from their 
neighbors as respects their couteiita. Such cells may be well 
named after their characteristic contents ; as crystal-cells, resio- 
cells, mucilage-cells, tannin-cells, etc. 

293. They vary much in shape and size. Frequently they are 
not readily distinguishable from their immediate neighbors by 
anything except their contents. In other cases, however, they 
may assume forms widely different from those of the cells around 
them, and may also be distinguished by their size. They are 
often so associated together as to form " glands." 

294. Crystal-cells. These sometimes, as de Bary points out, 
curiously resemble the shape of the crystal or gi'oups of crystals 




which they contain. Thus globular clusters are generally con- 
tained in spherical cells, elongated prisms in elongated cells 
(as in Quillaja). "In many trees each cambium-cell (as it 
develops into a bast-fibre) maj- be divided by diagonal partitions 
into numerous (20 to 30) chamliers, the height of which is about 
the same as the width, and each is filled by a crystal or a small 
cluster. In this case the general outline of the original cambium- 
cell remains unaltered, and the whole row of compartments may 
be isolated as a chambered fibre,"* The bast-cells containing 
crystals have been already noticed. 

295. Hesin-aells. In a large number of plants soft viscid 
substances are present, which exude when the tissues are 
wounded. They may be roughly classed into (1) Balsams, in 
which i-esinous matter is mixed with a considerable proportion of 

' De Bary ; Vergleiohende Anatomie, p. HE. 
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one or more essential oils, formiDg a. thickish liquid ; (2) Resins, 
which have conipui'ativclv little csseutial oil com mingled, and are 
of various giades of hardoess; (3 J 6um-resing, or resius hav- 
ing more or less mucilaginous or gummy matters. To the latter 
class are' aometimes referred 
the products left by the drying 




of many milky juices (lat«x) ; of such, caout<;Uouc is an ex- 
ample. All the foregoing substances may be found in single 
cells, which are of very diverse forms. 

296. Roundish cells of this chai'acler are found in the Mag- 
noliaceae and some CompositiB, etc. Long cells are to be de- 
tected in some Liliacete, etc., and they are connected by many 
intermediate forms with resin-ducts arising from the confluence 
of several cells. On the other hand, they pass by various gra- 
dations into structures which are generally referred to the latex- 

Fm. 79, Traiiiverm leclion tlirnngli the leaf of Psoralen lilrt«; the epidermts con- 
BluCIng of one layer wUli tome of (he tIrauB shown on both sldae of Iheglana: A,feTj 
joang BiHte in which tha secretion Is not yet present; B, »nmewhst older, Becratlon 
commenclnei C, mntore stHle. (De Bar;.) 

Fra. 60. A"glan(l"lnI>lctaninnsFraxlne!la: .4. £. urty a(*ges ; C, mature state ; 
p.p.c, mnther-nells of the glsnrt-t Issue; <!, the covertng layer forming a continuation of 
the epIdermlB; e, t, large drop of oil. (Ranter.) 
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system. To this system alioulil perhaps be referred also numer- 
ous cases of pigment-cells, like those in the roots of madder and 
rhubarb ; also the peculiar bodies seen in the periphery of the 
pith of Sambucus, and tbe milk-sacs of some species of Acer. 

297. Mucilage-cells are larger than the surrounding^ cells, and 
sometimes closelj' resemble intercellular spaces filled with muci- 
laginous matter. lu some instances tbc mucilage Ls distinctly 
referable to changes in the contents of the cell, in others to a 
disorganization of a portion of the wall, while in still others 

■ both sources may be recognized.' 

298. Cells containing tannin in very lai^e amount are fre- 
quently met with, but they do not call for special remark. 

299. Kesins and the like are found not only in single cells 
but also in spaces formed by the breaking down of the interven- 
ing walls of cell-clusters of various shapes ; hence various forms 
of receptacles for these substances may be looked for. 

INTERCELLDLAK SPACES. 

300. The walls of cells still capable of division are generally in 
unbroken contact ; but as differentiation goes on they may be- 
come separated more or 

less by unequal growth 
or by a breaking down 
of intermediate cells.' 
The intercellular spaces 
thus formed may be mere 
chinks, or they may he- 
come chambers of large 
size. They maj- con- 
tain merely air, or air 
and watery sap, or most 
. of the matters described 
in the previous sections. 
Air-spaces in the 
looser tissues of plants 
are generally so con- n, 

' The ilctails of this subject can be found in Prings. Jahrb., v. 181 {Frank), 
and Annales des Sc. nat., sir. 8, tome i. p. 176 (PriJlieui). 

* The Apt mode of davelopment ot intercellular spaces has been termed 
tchiaogtnie, the latter lynigenic ; moreover, a distinction may be made between 
those iutercellular spaces which are formed when the tissues begin to differen- 
tiate, — protogenic, — and those formed in older tissues, — hij^erogaiie. 

Via. Bl. TraniTerse wction tbrougL Uie aUm or Elatlne AlsiDaitram, ibowing laris 
interceUnlar apaces, A, eontaiuiog air. IRainke.) 
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nected throughout the plaut, and comniuDicatc bo directly wi 
the btomata, tbat they constitute an apparatus for bringing t 
interior of the structure into close relations with the outer a 
Sometimes the aggregate volume of the air-spaces ia very lai^ 
in proportion to the volume occupied by the cells themselves.^ 
In composition, the air within the plant usually differs ttc 
that of the atmosphere in containing a larger pro[>oition 
nitrogen. If tlie air-spaces ore much smaller than the cd 
which surround them, they are termed interstices ; if about 
large as the cells, lacun<e ; if conspicuously larger, air-passag 
or air-chambei-s. Two chief forms of lacunce are distinguish^ 
by de Bary ; namelj-, cavities surrounded by cells which a 
more or less branched, and those surrounded by plates of ceU 
Good examples of the former are afforded by many water-plant 
rushes and the like ; of the latter, by the stems of many Aracei 
for instance, Acoi-us Calamus. 

301. The coutinuity of the larger air-passages may be int« 
rupted by plates crossing at an angle (generallj- slightly oblique 
Such dividing plates, termed diaphragms, are frequently coi 
plicated in tlieir structure. 

302. Hairs, sometimes much branched, are found in the larg 
air-passages of many plants. These form the stellate structui' 
in the Nympheeaceffi, and the " H-like" cells in some Aracese. 

303. Intercellular spaces, usually those of small size, ms 
contain water together with air. This is the case in the caviti' 
under the water-pores of Fuchsia, etc. 

304. When intercellular spaces contain resins, oils, and tl 
like, they constitute, together with the simple cells described 
295, the stmctures loosely called internal glands. Often thei 
are merely irregular spaces left by the breaking down of one > 

H taken from Unger (Sitzungsb. d. Wien 
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more cells, but they sometimes have a remarkable regularity of 
form and clearness of outline. 

It has been obsei-ved that these spaces filled with resinous and 
other mattera are not, as a rule, met with in the plants which are 
provided with the simpler receptacles, consisting of single cella 
or small groups. De Bary elaasifles these resin-passages and 



spaces as follows: (1) those passages which contain mucilage 
and gums, as those in tlie Cycads, species of Canna, Opuntia, 
and some Araliaeeffi ; (2) resin-canala and cavities containing 
resins, ethereal oils, emulsions of resinous gums, etc., variable in 
quality in different cases ; «, passages or canals, as those in 
Coniferae, AlisniaceaB, Ai-oidete, the tubuli- flowered Compositae, 
Umbel life 1-38, Ai-aliaceie, Anacardiaceae ; b, short cavities, as in 
species of Hypericum and the true Rutacese, many species of 
Oxalis and Myrtaceae, and some species of Lysimachia. The 
cells which surround the more complete cavities are so different 
from the neighboring parenchyma that they have been termed, 
collectively, the epithelium of the spaces. 

It is not fully known in what way the various resinous and 
mucilaginous matters are produced in the cavities. In some 
instances, at least, the mattera appear at a very early stage of 
the development of the cells which are afterwards broken down 
to form the cavity. The special cases, like those of the Myrta- 
ceae, in which the cavities contain oil, are Ijest for purposes of 
study, because they are so frequently to be found in the thinnest 
leaves, and at an early st^e of development, 

FiQ. 82. TiaDBvene BecllDD of purtoC leaf of PlQiuiLaiiclo, BhowinK a resin-paauge, 



CHAPTER III. 

MINUTE STKUCTURE AND DEVELOPMENT OF THE BOOT, 
STEM, AND LEAF OF PHiBNOQAMOUS PLANTS. 

GENERAL CONSIDERATIONS. 

305. The tissue elements, described in the preceding chapter, 
are arranged in various waj's to form and connect the organs of 
the plant. If elements of the same kind are united, they consti- 
tute a tissue^ to which is given the name of those elements ; thus 
parenchyma cells form parenchyma tissue or simply parenchyma ; 
cork-cells form cork, etc. A tissue can therefore be defined as 
a fabric of united cells which have had a common orisfin and 
have obeyed a common law of growth. 

Tissues are united to form systems; S3'stems, to form organs, 

306. In nearlj^ all plants with which the present treatise deals 
there is some kind of framework consisting mainly of the more 
elongated cells and ducts. This framework runs throughout 
the entire organism. It is surrounded by parenchyma, in which 
other tissue elements may also occur ; the epidermis in some of 
its modifications covers the whole. 

307. The three chief systems found in plants are, therefore, 
the fascicular, the cellular, and the epidermal ; and these corre- 
spond in a general way to three classes of functions. In the 
cellular system are found the active cells by which assimilation, 
the proper work of the plant, is effected ; the fascicular system is 
largely conductive, and serves also important mechanical ends ; 
the epidermal S3^stem brings the assimilative apparatus of the 
plant into safe relations with the surroundings. 

No discussion of the cellular and epidermal sj'stems, intro- 
ductory to a special consideration of them as they occur in the 
different organs, is needed ; but some general statements relative 
to the fascicular system will obviate repetitions later. 

308. The fascicular system, in its most conjplete development, 
comprises the following tissue elements, which occur in very 
different proportions in different cases, — prosenchyma in the 
widest sense, including wood-cells of all kinds, ducts, fibres, and 
cribrose-cells ; together with some commingled parench3'ma. With 
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the exception of the parenchyma, all these elemeDta are elongated 
and are arranged in various sorts of fascicles or bundles, whence 
the name, the fascicular system. Since fibres and vessels play 
such an important part in the composition of tliis system, it has 
been also called the flbro-vascular system, and the bundles, fibro- 
vasGular bundles. 

309. When reduced to its lowest terms, a flbro-vaacalar bun- 
dle consists of two tissue elements, namely, cribi-ose-cells and 
tracheal cells, the latter being sometimes replaced either wholly 
or in part by ducts. 

310. The two elements are usually associated with some 
parenchyma and with a considerable proportion of long bast- 



flbres ; but, while preserving a general unifoi-mity of structure 
throughout, a bundle may become considerably changed in com- 
position during its course. This is well shown by comparing 
sections taken at some distance from each other ; for instance. 

Era. 83. LongUudlnal radial eectlon of a collateral flbro-vagoular bmiiilo, (Tom tba 
■lein of a dleotyleJon : 6— i, wood; i— n.Ubar; tliewoodcomprfsaB.ii.ft narrowannular 
duct, e, wider uplral duct, d, a dact with Beptutn, f, woody parenchyma,/, woaiyflbre, 
p, wide dnct with areolatad pita, h, septate woody fibres; the liber comprifeB, n, liber- 
flbrei, m, ihort parenchyma, I, crlbrose-cells, i, cambium, U, long partnichjma or cam- 
hlform. (Kny.) 
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one made in the middle of the course of a bundle with one near 
its extremity. 

311. The cribrose part of the bundle may also be termed its 
liber-portion or bast-portion ; the tracheal, its woody portion. 
These terms are not liable to be confounded with any others, 
since it is with the cribrose portion that the well-known bast- 
fibres or liber-fibres are associated, while it is in the tracheal 
portion that all the constituents of wood are found. 

312. For the first term (bast-portion), Nageli has introduced 
the word Phloem; for the second (wood-portion), Xylem. In 
this treatise these terms will be used interchangeably with the 
others. But the woody portion of a bundle is sometimes very 
far from being conspicuously lignified, and the bast-portion may 
be much reduced. 

313. The three principal waj's in which the elements of bun- 
dles are arranged are : 1. A single strand of liber has one side 
in contact with a single strand of wood, the two running side by 
side, — the collateral bundle. This mode of arrangement is com- 
mon in the stems of phsenogams. A variet}' of the collateral 
bundle has a strand of liber on each side of the wood, or, con- 

. versely , a strand of wood on each side of the liber, — the hicoUat- 
eral bundle. 2. The strands of liber and wood are in different 
radii, — the radial bundle. This is the most common mode of 
arrangement in roots. 3. A strand of one element is wholly en- 
veloped by the other element, — the concentric bundle. These 
modes of arrangement will be further discussed under *' Roots '* 
and '' Stems." 

314. The bundles are surrounded by parenchyma ; but this is 
very frequently limited at the periphery of the bundle by a cylin- 
der formed of closely united parenchj^ma cells, which contain 
considerable starch. The endode'rmis is a special case of this 
structure, in which the cells are more or less distinctly cutinized. 
When this enveloping cylinder is well defined, it is known as the 
bundle-sheath.^ 

315. At first, each bundle consists of similar cells {procam- 
bium), some of which differentiate into fibres, vessels, etc. 
Bundles in which all the procambium cells become permanent 
cells are closed; those which retain an inner portion (camMum) 
capable of further differentiation are open. 

^ In a great number of instances it is convenient to refer to the same struc- 
ture the long and firm bast-cells which are found at one side of the bundle ; 
but the subject, when examined from the point of view of development, espe- 
cially when the vascular cryptogams are taken into account, presents so many 
difficulties that it may be here left without further treatment. 
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316. As regards the course of the bundles through the plant, 
it is suflBcient to note here that they are varioush' combined in the 
different oi^ans, sometimes foi-ming compact masses of tissues, 
and at others running as slender and delicate isolated threads. 

317. It has been seen in 201 that meristem is the nascent 
state of any tissue, and that it may multiply as such, or first 
become differentiated 

into elongated forms 
(cambium). For con- 
venience of reference, 
the meristem at the 
growing-points of the 
axis of the plant is 
given special names : 
Dermatogen, the 
layer of nascent epi- 
dermis ; Perihlem, 

the layer of nascent cortex just beneatli the epidennis ; PUrom, 
the cylinder or shaft of nascent fascicles. The cells from which 
these primordial layers or masses of nascent tissues arise are 
known as initial cells} 

The initial cells produce primordial layers or masses of tissues ; 
by their further development the primordial layers or masses 
give, rise to the early distinctive tissues of an organ, Thetis- 
sues thus early formed constitute the primary structure of the 
plant, 

318. In the further growth of an organ, especially in plants 
which are to live more than a single year, or wliieh have a well- 
deftned period of rest, remarkable changes may take place in its 
sti-iicture, especially by the introduction of new elements. Such 
changes are known as secondary, and give rise to the secondary 
structure of the organ. From the nature of the case, it is im- 
possible to draw a sharp line between the primary and secondaiy 
structure ; but the division is nevei-thelcss useful in the exami- 
nation of the minute anatomy of the plant. 

' Hanstein: Die ScheitelzellgruppR ira Vegetstionspunkt der Phanerogamen, 
1868 ; atao in Botaniache Abhandliingen, 1871, p.- 3. 

The distinction hetwcen meristem proper anil CBmbiuni is insisted on by 
Nag^li in his Beitriige (1858). 

Via. B4. Longitudinal Bectlan throngh the mid'ne of the root-ltp of the embryo of 
Pontedeiia conUta. Tlje lower Initial cells produce the cap. c ,- the middle, the nascent 
cortex, ec,'tbe upper, the iiucent central cylinder, cc. Tlie nascent epldermli, fp, of 
thsBtam is continued dovnto Che cap; >, the point towMch tlie suspensor was attached. 
In other (eims, cc Is the plerom, ec, perlblem, ep. dermatogen, (Flahault.) 
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Prihaby Structure. 

„ a rt 319. It was stated in Vol. 

I., p. 27, that the root, or 
desceuding axis, "normally 
begins in germination at tbe 
root-end of the cauliele, or 
so-called radicle ; hut that 
roota soon proceed, or may 
proceed, from other parts of 
the stem, when this is favor- 
ably situated for their pro- 
duction." 

320. A longitudinal sec- 
tion through the tip of a 
germinating radicle exhibits 
*" only parenchyma cells. Slight 

differences exist belweeo these . 

cells, both as regai-da shape " 

and size ; at the very end of the 
radicle thej- are relatively large, 
and form a sort of cap-like cov- 
eilng {root-cap) for the smaller 
cells lying dii-ectly back (the 
growing-point). If the section 
is thin enough, it will be seen 
that at the growing-point numer- 
ous rows of cells appear to con- 
verge, the fact being that all the 
cells of such rows are derived by 
multiplication from those at the 
growing- point. 

321. Certain differences in the 
arrangement of these rows can 
be seen upon comparing the radi- 
cles of plants of different classes. ss 
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Thus in most cases the group composing the point of growth 
consists of three kinds of superposed cells, so arranged in layers 
that each gives rise to a determinate portion of the forming 
root : (1) the outer or lower laj^er, to the root-cap and the rest of 
the epidermis; (2) the middle, to the cells which are immediately 
under the epidermis, — the cortex; (3) the inner or upper layer, 
to the central cylinder. But in some plants ^ there are more 
than three layers of initial cells (e. g,, Sparganium, Raphanus, 
etc.), while in others there are less than three {e. ^., only one in 
Cucurbitaceae, two in Triticum). 

322. The Boot-cap. The growing-points of nascent roots origi- 
nate just below the surface of the organ whence they proceed ; 
hence roots are said to be formed endogenously. In emerging, 
the}'^ rupture the layer of tissue by which they had been covered, 
but are ftom the first protected at the end by a thicker or thinner 
mass of parench^'ma, — the root-cap.^ 

323. It does not always have the same origin, as will be seen 
by the notes,^ nor has it the same shape and size in all plants. 



1 Janczewski (Ann. des Sc. nat., ser. 5, tome xx., 1874) describes six types 
of development of the tissues of the root : — 

1. Four distinct layers of meristem ; namely, Plerom, Periblem, Dermato- 
gen, and Calyptrogen ; e. g., Hydrocharis, 

2. A distinct Plerom and Calyptrogen, but the Periblem and Dermatogen 
have initial cells in common ; e, g. , Gramineoe, 

3. A distinct Plerom ; the Periblem, Dermatogen, and Calyptrogen have 
common initial cells ; e, g., Iridaceoe. 

4. A distinct Plerom and Periblem ; the Dermatogen and Calyptrogen have 
common initial cells ; e. g.y HeliaiUhics annuus, 

5. All four layers have common initial cells ; e. g., Phaseolus and Fisum. 

6. Only a distinct Plerom and Periblem ; therefore there is neither true 
epidermis nor root-cap, since these are formed simply by outer layers of the 
Periblem ; e. g.y Gymnospermce. 

Treub (1876) and Eriksson (1878) distinguish seven types. 

2 According to Olivier, a part of the tissue thus broken through by the 
advancing radicle of grasses remains at its base, as the coleorhiza, while the 
rest becomes the root-cap (Ann. des Sc. nat., s^r 6, tome xi., 1881, p. 19). 

3 According to Flahault (Recherches sur I'accroissement terminal de la racine 
chez les Phanerogames, Ann. des Sc. nat., ser. 6, tome vi., 1878), who bases his 
opinion on an examination of three hundred and fifty species of Phaenogams, 
the terminal growth of the root may be referred to two structural types which 
are characteristic of monocotyledons and dicotyledons. 

In monocotyledons the epidermis is generally formed by the initial cells of 
the cortex. The epidermis never gives rise to a root-cap ; the root-cap once 
formed is continually renewed by the activity of its internal layers. In dicoty- 
ledons, on the other hand, the epidermis is almost always independent of the 
cortex ; the root-cap is continually renewed by the activity of the cortex and 
epidermis. 
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Roots which grow in the earth seldom have it much developed ; 
but in man}' aquatics it becomes of large size, though it is always 
thin. In some species of Pontederia the cap envelops the root 

for the length of half a centimeter ; but it is free 
at its upper part, and is in contact with the root 
onl}' at its ver}' tip. The roots of Tj-phaceae 
and Lemnaceae exhibit nearly the same struc- 
ture. Thfe cap consists in these cases of only 
one or two laj'ers of thin-walled cells. 

The aerial roots of some plants have large 
root-caps composed of firm -walled cells. This 
is well shown in Pandanus, where the cap con- 
sists of many layers of cutinized cells. The 
cap in all cases exfoliates on its exterior, and 
is as constantly renewed bj' the cells within. 
Nearly all of its cells contain starch-granules 
in abundance. 

324. The peripheral tissue in the rootlet does 
not always have the same origin ; it may in some 
cases be regarded as true epidermis, in others as 
the outermost portion of the cortical parenchyma. In the vast 
majority of cases this 3'oung superficial tissue is furnished with 
root-hairs ; it is therefore designated the piliferous la3'er.^ 

325. The piliferoas layer has no intercellular spaces (a few 
cases of aerial roots of Orchids excepted) . The hairs are con- 
fined to a narrow zone a short distance behind the tip, although 
in Triglochin they have been found on the edges of the cap, 
and in Philodendron ver}' near its edge. When firet formed 
they have delicate transparent walls, and are filled with pro- 
toplasm. B}^ the advance of the growing-point and with the 
formation of new hairs, the older become less active, their walls 
thicken and turn brown, their contents disappear, and the}' fall 
oflT, generally leaving a nearh' glabrous surface. 

326. The hairs are generally simple, but in the adventitious 
roots of some Bromeliacese ^ compound hairs are also found. 

Branched hairs are seen on the roots of Saxifraga sarmentosa, 
Brassica Napus, etc. 
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1 Olivier (Ann. des Sc. nat., s^r. 6, tomexi., 1881, p. 19), according to whom 
it is never homologous with the epidermis of the stem (p. 28). 

2 Jorgensen, Botanisk Tidsskrift, 1878, p. 144. 

Fig. 87. Seedling of Sinapis alba, showing root-hairs. 

Fio. 88. Seedling of same, showing the manner in which tine particles of earth cling 
to the root-hairs. (Sachs.) 
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327. Roo^hairs are best obtaiDed for study bj- cultivating 
seedlings on moist glass, or with the rootlets in water. It is well 
to compare the forms tbus obtained with those found ou roots of 
the same plant grown in loam, sand, fine clay, etc. Masters has 
sliown that the develop- 

ment of the hairs is fa- 
vored by many conditions, 
such as i>orosity of the 
soil, moisture, etc. ; and 
this fact should be Iwrne 
in mind in the examina- 
tion of the root-hairs of 
any plant. 

328. The walls of root- 
hairs are only slightly cu- 
tinized, but there is a great 
difference in this respect 

in different plants. ' 

329. The cells of the 
superficial layer of the 
rootlet, other than those 
with hairs, are more or 
loss ctitinized, tlie degree 
of infiltration depending 
upon their age. In some 

cases (e. g., Asphodelus) the thickening is very considerable. 

330. On a few plants^ no root-hairs have been detected, as 
Crocus sativus, Cicuta viroaa, Abies pectiiiata and many other 
gyranosperms. 

381. Boots of orchids. The newer parts of the aerial roots 
of Orchids have an epidermis consisting of nearly spherical 
tracheids, which, extwpt sometimes in the outermost laj-ers, co- 
here without intercellular spaces. The walls of these cells are 
colorless, though in mass thcj- may have a silvery lustre, and 
when immersed in water tliey soon become suiBciently trans- 
parent to permit the subjacent green tissue to be seen." 

* Duchartre (^^l^ments de Botanique, 1867, p. 214) cites other plants. 

See also a valuaUa paper bj Schwara in UntarsuchungeD aoa dem hot 
Inst, TuUogen, 1882. 

' Accordinff to Leitgeb, the old roots of Tanda furva are green lieoanao their 
tracheida contain minute Algte {De BaTy, Vergl. Anat., p. 238). 

Fio.W). Root-hriricilsiorledbyonntact with thesotl. Foiirjntheriglit-TiMidapper 
comar, Selaglnella; thrw In lowor corner, Trttollam ; the othera, Avena. Tha dart 
IKdnUlmlleaie tUeattacbed particle of toU. a,a,a, minute prolongationB of Uu call- 
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332. Sometimes there are papillar outgrowths trom these tra- 
chelds, vhicli are to be regarded as root-hairs. They occur 
chiefly on younger parts of tlie roots which are in contact with 
a moist support, or which are kept wet. They cling tenaciously 
to moist surfaces, and may become much widened and flattened.* 

333. The cortex of difl'ereut plants varies greatly in thickness 
and compactness, and in the thickness of the cell-walls. la 



a few cases remarkable lacuna are to be seen (e. g., Meny- 
anthes). 

334. Tho cells bounding the inner layer of the cortex have the 
general characters described under " Endodermis ;" their radial 
walls are generally mora or less plicate, and there are no inter- 
cellular spaces. 

335. In the primary cortex of roots all the various kinds 
of secreting cells and receptacles for exudations described on 
P- 92 may be looked for ; but as a rule they are less developed 
than in the stem. Collenchyma occurs sometimes in roots; 
e. ff., Raphidophora. 

336. The central cylinder has, at first, a peripheral lajer of 

1 Leitgeb : Die Lnftwnizeln der Orehideen, Wien Akad. Denkschr., xiiv., 
1865, p. 17B. 

Fia.90. Traniverso leetlon oftheoentnil cyllnflBr of a root of a Tabular crjptogmn 
(MaratCia lasvis): e, Internal layer of tUe proper oortei ; p. endodermis; m, perLplieral 
layer of the c;lln[ler; I, liber fksclclea; r. wood; lUcides; c, GauJuncClTe parendiyma 
(pimanamedDllarrraya). (Van Tleglism.) 
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thiQ-walled oella 
ill close uoion 
with the endoder- 
mis ; at certain 
points on this lay- 
er the woody and 
the liber fasci- 
cles appear, the 
latter alternating 
witli the former 
throughout the 
circle, and the 
spaces between 
them being filled 
with parenchyma. 
S37. The num- 
ber of fibro-vas- 
cular bundles in 
the centi-al cylin- 



Fia.91. TransverMucUonottheuntialcjUQdi 
caala atitiqiiorum) : e, inleriml layer of tbe proper t 
layer or the cyllndor; l.liber fascicleB; 
(pith and meduLlaiy ra;s), (Van Tleghi 

of the cylinder; J. liber faulclee; e, woody fa 
and medullary rays). (Van TIeghem.) 



der varies accord- 
ing to the class of 
plants, and in the 
same plant accord- 
ing to the age and 
size of the root. 
There are generally 
two in Cruciferse, 
often three in Er- 
vum Lens, four in 
RiciDns,flvc in Vicia 
Faba, six in AInus, 
and eight in Fagus ; 
but these numbers 
are by no means 
constant. 

338. The wooiiy 
part of the bundle 
may become re- 



it of a monocotyledon (Colo. 

.. enclodorniis; m. peripheral 

woody fawicle* ; c, conjunctive psrencLjma 

I cf llnilei of a root of a dicotyledon (Artanthe 

cortex ; c, endodermle ; m, peripheral layer 

c,<wnjimcUTs parenchyma I pith 
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duced to a single duct, as in some Carices, or there ma}* be a 
lai^e duct surrounded by smaller ones with or without inter- 
vening cells, or many large and small ducts variously conjoined. 
Moreover, there are all degrees of compactness in the union of 
the different bundles of woody tissue with each other. 

339. The cribrose part of the bundle may be reduced to a 
single cribrose tube (e.^., Anacharis), or two or three (e. ^., Pon- 
tederia) ; but usuall}' there are man}^ which ma^' be variously 
disposed. 

340. Bast-fibres ma}' be associated with the cribrose-cells in 
the primar}' structure of the root, and they may be scattered (and 
occasional!}^ with some sclerotic parenchyma) in the cortex. In 
Philodendron these scattered groups of bast-fibres frequently 
contain oleo-resin canals. 



Secondary Structure. 

341 . The older parts of roots, even the recently formed por- 
tions lying just back of the root-hairs, may undergo changes 

either by the alteration 
of their existing tissue 
elements or by the in- 
troduction of new ele- 
ments. Some roots, 
however, do not suffer 
much change from firat 
to last. Their cells mav 
become more strongly 
cutinized or lignified 
as the case may be, 
but no new elements 
are brought in. This 
is true of the roots of 
many monocotyledons, 
but in dicotyledons the 
secondary changes are 
generally very marked. 
The changes may af- 
33 feet either the cortex or 

the central cylinder ; in some cases the former more than the 
latter. 




Pig. 93. Section through the central cylinder of a binary root of a vascular cryptogam 
(CyatheameduUarJs): c, internal layer of the proper cortex; p, endodermis; i», pe- 
ripheral layer of the cylinder; I, liber fascicles; w, woo<ly fascicle; c, conjunctive paren- 
chyma (pith and medullary rays). (Van Tieghem.) 
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342. In the cortex, according to Olivier/ the secondarj' tissues 
are either parenchymatous or suberous (corky). The secondary 
parenchyma of the integument proceeds from the periplieral 
layer of the central C3iinder. The suberous tissue in gym- 
nosperms and in dicotjledons with caducous primary cortex is 
derived from the pericambial layer ; it is composed of tabular 
cells with very short radial walls, and begins to form outside 
of the primary liber. In the case of woody dicotyledons with 
late-formed secondary vessels, and in monocotyledons, it is pro- 
duced in the external ^one of the cortical parenchyma, and is 
composed of cubical cells. 

343. In a given species the level of the root where cork ap- 
pears depends on the transverse diameter of the root, and also 
on the surroundings ; in roots of the same size the cork gen- 
erally appears earlier, and is more abundant in aerial than in 
earth roots. 

The cortical parench3'ma is renewed b}' laj'ers of cells just out- 
side of the sheath of the central cylinder, and its development is 
whoU}' centrifugal. 

344. The central cylinder undergoes its most remarkable 
changes as the root grows older, in the group of dicotyledons. 
There is very little change, if an}', in monocotyledons, but in a 
few of the latter some of the secondar}'- changes now to be de- 
scribed can be observed (e, g.^ Dracaena). 

345.. In dicotyledons, including g\'mnosperms, the thin-walled 
cells of the central C3iinder are in contact with the inner face of 
the endodermis, and are known collectively' as the pericanibium. 
Touching this pericambium like the two ends of a bow, there 
runs a mass of delicate cells behind each liber bundle. At the 
point where these bows touch the inner face of the liber bundle 
a group of cells, divides tangentiallj^ forming a cambium layer, 
which soon gives rise within to new wood^'^ elements (often 
coalescent with those of the primarj' wood}' bundles), and on the 
outside to new liber elements. These new productions are 
called secondary wood and liher. 

346. In some cases ^ for instance Pinus — the cells of the 
pericambium outside of the priraar\' woody bundles produce new 
wood and new liber. The wood is in contact with the primary 
wood, while the liber may serve to connect the bundles of 
primary liber, thus bringing about a union more or less com- 
plete between similar elements. From these secondary pro- 

^ Annales des Sc. nat., s^r 6, tome xi., 1881, p. 129. 

8 
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348. The distinction of texture marking the periods of rest 
is not clear in the liber, though even here it may sometimes be 
detected. The cork of the root frequently exhibits such dis- 
tinction, but never so clearl}' as does the cork of stems. 

349. It is a familiar fact, that the fleshy roots of many plants — 
beets, and the like — exhibit in the first j^ear from seed concentric 
rings, which resemble those found in perennials. This appear* 
ance is due, according to de Bary,^ to the fact that at an early 
stage of development (when the root is only about half a milli- 
meter thick) a new cambium zone is formed in the parenchyma 
on the outer part of the central cylinder, and this, divides tan- 
gentially, extending therefore in a radial direction, producing 
woody and liber elements, and at the same time divides laterally, 
so that the whole constitutes a zone hardly broken by the rays. 
Soon a second zone is produced in like manner, and afterwards 
others. In all these cases the elements are usually not much 
lignified, but the whole mass remains succulent. 

It happens sometimes that tertiary formations are produced in 
the root, bearing somewhat the same relation to the secondary 
as these do to the primary. Even formations of higher order 
are sometimes met with. But the elements of all of these are 
easily identified, and their mutual relations can generally be so 
clearly understood that they do not need special description. 
The following enumeration embraces the most important of these 
formations : tertiary cork and cortex ; fibro- vascular bundles in 
secondary cortex ; tertiar}'^ liber and wood in secondary wood. 
Such anomalies are more frequent in the stem. 

350. Roots branch by the development of certain cells at the 
peripheral layer of the central cylinder, and just in front of the 
woodv fascicles.^ 

The root branches only laterally in flowering plants ; in the 
LjTopodiaceae there appears to be terminal bifurcation, and here 
each branch shares with its fellow the tissue elements of the root 
from which they both come. 



1 Vergleichende Auatomie, p. 616. 

2 Three types of branching are described by Janczewski : 1. The mother- 
cells of this layer (the so-called Rhizogenic cells) most frequently give rise 
to all the tissues of the rootlet. 2. They produce only the central cylinder 
and cortex, but not the root-cap and piliferous layer, these being furnished by 
the endodermis of the root. 8. They produce only the central cylinder, the 
other tissues coming from the endodermis or from the layers immediately out- 
side of it. The subsequent growth of the rootlet both in length and thickness 
is like that of the- root. 
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351. Parasitic roots,' or those which fasten tbemsclves for 
Doui-ishmeDt ou other plants, are so much modified by the pecnl- 
iar conditioDa under which they live, that they require special 
mentioD. Their structure can be best understood by a section 
through the root of Cuscuta. 

Here there is no cential cylinder, properly so called, nor is 

there anything answering to the root-cap. The cortex is regained 

as reduced 

to a pilifer- 

ous layer, 

of its cells 
are pro- 
longed to 
form a fasci- 
cle of long 
hairs in inti- 
mate contact 
with the tis- 
sues of the 
host upon 
which it has 
fastened. In 
the centre of 

this iViscicIe of hairs some of the elements are tracheid-likc 

cells, which are in contact with ducts. 

352. The roots of many plants have distinctive colors : in 
some the color belongs to the wood (see 402) ; in others it is 
due to the cell-sap ; in others, for instance, the common carrot, 
to orange -colored crystalline bodies. The ciystalline forms 
found in the parenchyma of tlie roots of the carrot are minute 
rhombs, or sometimes rectangular plates to wliich starch-gmn- 
ules are attached. They are associated with small quantities 
of protoplasmic matter. (See Chapter IV,, for an account of 
somewhat similar bodies occurring in flowers and fniits.) 

353. The roots of the higher CrfptOKauig (such as Fern 

1 An Exhaustive paper on this subject will be found in PriDgslieim'a , 
1867 ; Ueberden Bn» nnd die Entwicklung der EmohrungsorgaHe parasi 
Phanero^nnicn, ion Hcrmiinn Gi-afKn zu Solma-Laubacb. Eoch'a pape 
Hnnstein's botan. Abhandlungen, toI. ii., 1875. 

Fra.BB.' Vertical section of an haustorlum of Coacnta perittratJng tba bos 
ff, B. absorbing hairs : the central cells are ILIckenod at tbe base, nbere tbe; are In 
itiUi tbeduvls. (Kocli.) 
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their allies) do not differ essentially from those of PhEenogania ; 
in most cases, however, the terminal growth, except in the order 
Lycopodiaceie, is from a single apical cell instead of a group of 
cells. The apical cell produces not only the tissue of the body 
of the root as it extends in length, but gives rise also to the 
superficial cells at the extremity which constitute the root-cap. 
Lateral roots start from the interior layer of the cortical paren- 
chyma, and not from the perieambium (see 345). 

354. The fibro-vasculai- bundles are concentric (see 313), as 
indeed they are in the . 

stems of most of these 
plants ; that is, the bast 
part surrounds the wood 
part, as if with a sheath, 
even where the latter part 
is rudimentary. There ia 

a tendency in the root, less _. ..-_ 

marked than in the stem, 
to the production of scle- 
rotic cells of a dark color. 

The roots of the higher 
cryptogams do not materi- 
ally increase iu thickness 
after they ai-e first formed. 

355. Proper roots are 
not found in Muscincie (the 
mosses and hepatics) ; the 
absorbing oi^ans here are 
more strictly root-hairs. 
These arise as papillie from 
tlie outer cells, and sjieedily 
develop into tubular and 
frequently complex bodies. 
They often become 
branched in a remarkable 
manner, twisting and coil- 
ing around one another like the fibres in a thread. They, as 
well as the somewhat simpler oi^ans of the same nature, found 
in the Thallophytes (such as Algce, and the like), are termed 
Jthizoids. 




t, aide roots, and root- 
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Neither in Muscineae nor Thallopbjtes are fibro-vascular ban- 
dies found, although in the former the arrangement of elongated 
cells sometimes resembles that of the constituents of a simple 
fascicle. The root-like bodies by which lai^e sea-weeds elin^ 
to their supports ai*e hold-fasta^ rather than time roots; the 
whole surface of the plant being bathed in water, all parts can 
probably absorb equally weU. 

THE STEM. 

356. That part of the axis of the embryo which is below 
the cotyledons is known as the radicle. It is more properl3' 
termed caulicle (that is, stemlet) , for its mode of gi'owth is 
not like that of the root, but like that of the stem above the 
cotyledons. The name radicle should be restricted to that 
which is the beginning of the root, namel}*, the free end of the 
caulicle. The caulicle is termed also the h3'pocotyledonary stem, 
or hypocotyl ; while for the axis which is developed above the 
cotyledons, that is, from the plumule, the name epicotyledonary 
stem may be used. A large hypocot}'!, which has begun to 
germinate, displa3S the structure of the stem to good advantage j 
but the initial cells and the nascent tissues of the stem must be 
sought at an earlier stage, for instance, in the plumule of a well- 
formed embryo, as that of Phaseolus or Faba. A vertical section 
through the plumule, made transparent by a clearing agent (see 
24), shows that the cells have much the same arrangement as in 
the root-tip, except that no protective cap is present. 

357. The outer layer has divisions only at right angles to the 
surface ; it is continuous with the epidermis further back, and 
is easily recognizable as nascent epidermis (Dermatogen). En- 
closed by this are laj^ers which form an arch, the nascent cortex 
(Periblem). This encloses a mass of tissue from which the fas- 
cicular system is derived (Plerom) . These tissues are essen- 
tially the same in character and development as the corresponding 
nascent tissues of the root. 

358. As the tissue elements develop from these nascent tis- 
sues, the stem is produced ; its structure is, however, generalh' 
complicated by the earl}- formation of lateral appendages, — leaves 
in some of their modifications. Moreover, the tissues of the 
stem are continuous with the tissues of the leaves, and it is there- 
fore necessary to take into account the mutual relations of these 
two organs. The problem becomes still further complicated, in 
a large number of cases, by the production of branches of some 
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kind, the tissues of which are of course intimately united with 
those of the main axis from which they are given off.^ 

Primary Structure. 

359. In the stem, or ascending axis, the distribution of tissue 
elements is similar to that in the descending axis, — the root. 
There is a more or less transient epidermis, a cortical substra- 
tum, and a central cylinder of some kind. 

360. The epidermis of stems presents few peculiarities of 
structure beyond those already described in Chapter II. In 
most herbaceous plants it persists with little change, except in 
the matter of trichomes, throughout the life of the plant ; but 
in most ligneous plants it is replaced, often early, by other pro- 
tective tissues. Persistent epidermis is found in many woody 
and half-woody plants ; for instance, Russelia juncea, Leyces- 
teria formosa, and Ptelea trifoliata. 

In Palms ^ " the epidermis exists in old age only in the cane- 
like and calamoid stems ; in the rest it is more or less destroyed 
by the action of the weather. In Calamus it consists of a simple 
layer of minute cells elongated in the direction from without 
inward, and forms a stony, brittle, shining la3^er." 

361. The primary cortex' consists essentially of parenchyma 
in which isolated cells of a peculiar character may often be found, 
such, for instance, as crystal cells, laticiferous cells, tannin cells, 
and the like (see 292) ; and its intercellular spaces sometimes 
serve as receptacles for the various exudations. The paren- 
chyma cells generally contain more or less chlorophyll, and some 
starch. 

362. Immediately beneath the epidermis, and not easily dis- 
tinguished from multiple epidermis, is a portion of the cortex 
known as Hypoderma.* It is rarely sclerotic parenchyma, more 

1 In the plumule and other buds all these parts exist potentially ; and the 
sequence of their development can be successfully followed out by the employ- 
ment of seeds in different stages of germination, or buds collected on succes- 
sive days in spring and preserved at once in alcohol. In all cases care must 
be taken to have the date of collection of each specimen recorded in such a 
manner that no confusion can afterwards arise. . 

2 Mohl : Ray Society, Reports and Papers in Botany. The Palm-stem, 
Henfrey's Translation, 1849, p. 14. 

* Vesque (in Ann. des Sc. nat., ser. 6, tome ii,, 1875, p. 82) gives a very full 
treatment of the subject. 

* The word Hypoderma was introduced by Kraus (Pringsheim's Jahrb., 
1865-66, p. 321), to designate the layer of colorless cells under the epidermis 
of leaves, "das Analogon des RindencoUenchyms.** It has since been ex- 
tended to apply to the external cortex just under the epidermis of stems. 
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frequently it is collench}Tna. Excellent illastrations of the 
latter kind of h3'poderma are furnished hj- most Malvaceae and 
Labiatae. 

363. Schleiden ^ distinguished four types of external cortical 
laj-ers in dicotyledonous stems : 1. That existing as a perfectly 
closed la3'er (penetrated in some cases onl}' bj- small canals 
opening into stomata) ; as in most of the Cactacae, Rosa, Begonia, 
etc. 2. That divided into many bundles, so that the green cor- 
tical parenchyma reaches the epidermis ; e. ^., in Malvaceae, Sola- 
naceae, etc. 3. That which may be quite distinctly- recognized 
as a special layer, but still grading into parenchj-ma at the 
borders ; e. </., in Pyrus Malus, Hedera, Ficus, etc. 4. That 
more completel}" merging into cortical parenchj-ma, and therefore 
less distinct; e, g,^ in Populus, Salix, Sambucus, etc. There are 
some plants in which it is not distinguishable ; e, g.^ in Cheiran- 
thus, Mesembryanthemum, etc. 

In Papaver and species of Thalictrum the cells of the cortex 
next to the epidermis have thin walls, while the zone next to the 
central cylinder may be sclerotic. 

The inner boundar}" of the cortex of the stem is, as in the 
root, the endodermis. The thin-walled cells just within it form 
the peripheral layer of the central cj'linder, or shaft. 

364. Variations in the cortex consist chiefly in one of the 
following modifications: 1. Increase of its laj-ers, sometimes 
to an extraordinary extent, and often accompanied, especially 
in water-plants, by the formation of large air-bearing intercellular 
spaces. The student should examine the peculiar structure of 
the cortex at the nodes, in these cases of spongy* cortex. 2. It 
has been previously shown (215) that collenchjma is a common 
modification of cortical parench3'ma. A variation in structure 
reaching tlie same end as collenchyma, namel}', strengthening 
the stem, is found in a great number of plants ; the cortical 
parenchyma, especiall}" at the outer part, becoming conspicuously 
sclerotic, and the tissue very compact. 3. Fibres may occur in 
the cortex, either isolated or in small fascicles. 

365. The primary flbro-yascular bundles of the stem are de- 
veloped at definite points in the peripheral laj'cr of the central 
cylinder. Their structural elements, wood and liber, YBxy as 
regards their relative amount, even in the same plant. A given 
bundle may and generally does change much during its course, 
interlacing here and there with other bundles, and giving off 
branches at different points. 

^ Principles of Scientific Botany, p. 240. 
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When correspondiog bundles of plants of different groups are 
compared together, some diversities as regards the arrangement 
of the wood and liber elements are exhibited ; but most of the 
cases can be referred without difficulty to the class of 

366. Collateral bundles (see 313) of the ordinary type ; 
namely, those having liber on the external aspect and wood on 
the internal aspect. In some cases, however, this order may be 
exactly reversed ; e.g., in the cortical fascicles of Calycauthacete. 
The wood-elements in collateral bundles are generally arranged 
in radial series ; the inner ducts or their equivalents (tracheids) 
being more slender and having more closely coiled spiral mark- 
ings than those nearer the periphery of the bundle. The radial 
series may be in close contact, separated by very thin plates 
of parenchyma, or 
may have a large 
amount of this tis- 
sue between them. 
In dicotyledons, as 
a rule, the ducts 
at any given dis- 
tance from the cen- 
tre of the stem have 
a noticeable uni- 
formity, so tliat a 
cross-section of 

the primary tissue 
shows a number of 
concentric circles of 
ducts of the same 
size. Sometimes, 
however, the ducts 
in a radial series 

may be reduced to 98 

one. In stems of monocotyledons there is less r^ularity in the 
arrangement of the wood-elements, but there is a substantial 
likeness in their structure in any group. They are generally in 
the form of a blunt wedge, the apex towards the centre of the 
stem, the space between the inclined sides of the wedge being 
mostly occupied by small ducts, wood-cells, and fibres. 

"lO. 98. TranHveree secl.Ion of a collfttBral flbro-vaeciilar bundle of tlio stem of Indian 

■j P,P: conjunctive parenchyma; a, outer face; i, Inner face of the closed flbro-va^ 

large pitted dncls; «, BpiraUr 

aarlferous lacuna. cauMd by 



corn; p,p, conjunctive parenchyma; a, outer face; i, Inner fai 

Iblckened duct; r, isolated ring of an annular duct; (,aarl! 
splitting reSQlllng from growtL) and a pliloCm portion, B, e. 
roonded by a buntllMliBath of tHick-wBlled cells. (Sachs.) 
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acter of the latter and the softer texture of the former. As has 
been before noticed (see 345), in dicotyledons and gymnoBperms 
in which there is annual increase in diameter there is a layer 
of peculiar merismatic tissue (cambium) between the two parts. 
It is generally easy to identify the cells of this cambium layer, on 
account of their elongated form and intimat« contact with each 



other. Their development gives rise (1) to new cells like them- 
selves, (2) to cribrose and (3) to woody elements ; all of which 
are to be examined later, under " Secondary Structure." 

370. The sheaths of collateral bundles may have the character 
of typical endodermia and envelop the single bundles, or may 
consist of strands of long fibres (hard bast), which are on one 
side of the cribrose portion, and accompany the bundle through 
its whole course in the stem. The strands of fibres frequently 
encroach upon the cribrose part of the bundle so much as to Iw 
more or less commingled with it (sec 311), 

871. The stem may sometimes have bicollateral bundles cither 
(1) with the woody part on the interior as well as on the exterior 
aspect (e. p., Cucurbitacete), or (2) with an envelope of wood 
surrounding the liber ; this envelope is seen at the extremities of 
the bundle, while the rest of it has the ordinary character (Iris). 

372. The bundles of the sfera may be concentric (see 313) : a 



Fjo. loo. LongltndlnBl Becllon ofa flbro-Tuculiir bundleDrB]CIIiaB(tb«croSB H-rtlnn 
balng shown In nj, 99)! r. cortical parmehyma; ps. bomllo-shealh ; ft, bMt-lihreii ; 
p. plilncm-parencliyniB; c, cambium (the row of cells between c anil p develops after- 
warila Into tt cribro»a-tube| ; In tlie lylein portion of Ihe bundle the elements are devel- 
oped Bnciesglvely ftom I to r',- J, tbo first Blender anil long spiral duct; »', wide spiral 
duet, the »plraJ band nncolling: I, dnct, thiclretied panly In a scalariform. partly in 

C, pitted dnct, sHll yoong; In l',t, and (' the bonnd'ary lines of the artlmninK cells wliiM. 
hare been remoTcd are ibovn In the wall of tbo ducts; m, parenchyma at tlie pith. 
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riiig of liber may eurround the whole of the woody portion, or 
the wood may eurround the liber. The former of these aiTange- 
meDts is common in the v&scular cryptogams (see 354). 

373. Theitilh of the etcm consists of parenchjma frequently 
intei-mingled with other structural elements in small amount,' 
espcciallj- long fibres, wooily pixisenchyma, and latex-cells. 

The parencliyma cells of pith have been classified in the 
following manner ; (1) active cells, having the office of storing 
starch and other assimilated 
products for a time ; (2) crys- 
tal-cells, in which cr3'stals are 
formed ; (3) inactive cells, 
which, having lost the power 
of receiving starch or other 
piwlncts, remain empty. 

Tiicse apparently unimpor- 
tant distinctions have been 
shown by Gris ' to be valuable 
in the identiBcatton of consid- 
I erablc groups of plants. Pith 
I composed of active or inactive 
cells alone is termed by him 
homogeneous ; that wjiich con- 
tains more or less of both kinds of cells, heterogeneous. The 
arrangement of the elements in heterogeneous pith is so nearly 
constant as to have much interest for the systematist 

374, The medullary rays comprise the conjunctive parenchy- 
ma, which lies between the bundles in the stems of normal 
dicotyledons. The cells are for the most part much flattened 
radially, always so in those cases where the bundles are closely 
approximated (sec also 207). 

S75. The stem develops fVom the bud by extension of its 
internodes. When these have attained a certain length, different 

' The peculiar stnicturea found occasionally in tho periphery of the pith of 
Sambiiciis. and sometimes in the bark, hiiT« heen mistalcen for fongi, but have 
been shown by Oudemans and by Dippel to be receptacles for a very heteroge- 
neous mixture of tannin and other nialtera (Verb. d. Fat Vereins d. Preussens, 
Rheinlande nnd Westphalens, 1868, p. 1 ). 

" A detailed account of the orders of plants examined by Gris will be found 
in NonveHcs archives du Museum, t, vi, faac, S, i, p. 201 (B plates). An ertract 
from the same is given in Ann. iles Sc. nat., sfr 5, tome xiv., 1872, p. Si. 
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for different stems, and depending often on some external con- 
ditions, they do not further elongate ; but those tissues of the 
internodes by which growth in length has taken place become 
gradually firmer, and constitute permanent tissue. It sometimes 
happens that the nodes and internodes of the stem are not plainly 
distinguishable from each other. This is the case in most palms, 
where the growth takes place from the terminal bud alone. 

376. Even a cursor}' examination of the structure of a stem 
which has thus unfolded from a bud shows that the number and 
the distribution of the bundles have much to do with the number 
and the arrangement of the leaves. Comparative investigations^ 
of large orders of vascular plants have shown that the number 
of the bundles of the stem always bears some relation to that of 
the leaves at a given portion of the axis, and to the arrange- 
ment of the leaves. "The more bundles in a given leaf, and 
the greater the number of leaves in a cycle or whorl, the more 
numerous will be the bundles in the stem at that level. In 
monocotvledons with a larse crown of leaves these two condi- 
tions are met with, and in these stems arc found the greatest 
number of bundles." ^ 

377. Course and distribntion of the bundles in the stem. In 
the internodes, the bundles mostly run parallel to the axis, or in 
curves of very long radius ; at the nodes, they may interlace 
transversely. If a bundle is followed through its course from 
below upwards, it will be found to branch at some of the nodes ; 
the branch of the bundle going directly into the leaf at that 
point, or else passing upwards through other nodes until it 
reaches a leaf, the number of nodes traversed varjing according 
to the kind of plant and the region of the stem.^ More than 
one branch of the bundle may, however, go to a single leaf. 

378. If, now, the course of the bundle be examined from 
above downwards, it can be seen that each leaf contributes its 
simple or compound fascicle to the larger bundle with which that 
from the leaf sooner or later becomes confluent. The fascicle 
from the leaf can frequently be followed down for several inter- 
nodes as a separate thread, the so-called foliar trace. If such 
foliar traces are nearly isolated in their course, a cross-section 
of the stem will give a ground-plan of the leaf-arrangement. 
Usually, however, there is much complexit}' in the distribution 

^ Niigeli : Beitrage zur wissensch. Botanik, 1858, and Hansteiu : Prings- 
heim's Jahrb., 1858. 

« Van Tieghem ; Trait6 de Botanique, 1884, p. 746. 
« Van Tieghem : Traite de Botanique, 1884, p. 733. 
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Both lateral stranda of a leaf Id such a case as thia run down 
through one internode, bend outwards at the node below, and 
attach themselves to the lateral strands bclongiTig there. 

Suppose, now, that a cross-section of the stem of Clematis ia 
made at the lowest node represented in Fig. 102 ; all the fibro- 
vascular bundles at that point will be seen in their relative posi- 
tions, some of them cut squarely off, 
others obliquely, according to curves 
which they make. A cross-section in 
the internode above would show slen- 
derer bundles, but all arranged in much 
the same manner as in the tliicker inter- 
node below ; that is, in a circle.' 

The circle is made np of flbro-vas- 
ctilar bundles which have an inner por- 
tion of wood'; within the circle ia paren- 
chyma (the pith), and outside of it more 
parenchyma (the cortex) , which can be 
stripped off with the bast-portion of the 
central cylinder as bark. 

Compare Fig. 102 with Fig. 103. In 
the latter, the stem does not exhibit in 
cross-section the fibro-vascular bundles 
aiTanged in a circle ; they are more or 
less scattered ; there is no clearly de- 
fined central portion nor well-marked 
outer portion free from them. Hence it 
cannot be said that such a stem has any 
distinction of pith, wood, and bark. 

A further distinction may be here 
noted ; namely, that the bundles in Fig, 
102 have the power of increasing in '** 

thickness, adding new wood and new bast to tlie primary stmc- 

1 Another feature must be attentively studied ; namely, tha relation of the 
forming bondlea to the young leaves nt tlie upper part of the stem. One may 
say the bundles descend from the leaf to the stem, or eacend from the stem to 
the leaf. But since the development of the leaf part and the stem part of a 
bundle goes on togetlier. these terms, ascend and daaccnd, should be under- 
stood to refer to our method of tracing the bundles out, and not to the method 
of their development. 

fosciclee froni th« third paJrof leaTes; x,t. fiuclcl« of the foartU pair of teavn; P.n,— 
y.t, pairs ot unrlBFeloped leavei not aayet having fasolcleB. I'lio diagram Illustrate* 
botb Clematli Vltlcslla and C. Tltalba, (Nlirelt, 1 

fia, 103. Longitudinal eectlon tbrougli the stem of jtspid Intra clatlur, sLowlng tlia 
carTMl course of the flbro-vaMular bundles In the almpleit palm-type (Falkenberx.) 
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tare (see 390) ; but in Fig. 103 the bundles are dosed (see 31c 
and incapable 
further increase 
thickness. Hen 
anj- furthcrgrow 
in thickness of ti 
stem shonn 
Fig. 103 must ; 
by the intcrcal 
tion of new bu 
dies. 

379. Itwashe 
by DcsfoDtainei 
that the new va 
cular bundles 
Palms originate 

■ Quoted by Mol 
in Tbe Structure 
the Palm-Slem (TI 
Ray Society, Repoi 
and Papers on Be 
any; LoadoD, 1849] 

Another iltustratif 
of the amingenierkt 
fibro-vaseular buudl 
is here giren r — 

The stem of the V 
tis vinifera ia usaall 
regarded as sympi 
dial; tbnt is, it is con 
posed of intemodi 
belonging to differei 
axes (see vol. i. pp. 5 
and 154). In th: 
species of grajievin 
two leaves in succet 
sion have a tendril o 
the opposite side, the 
foltoirs n leaf nithoti 
any tendril, next tb 
*** sequence of two will 

F:g. 104. DiagmniRiallc prnjedlon, sbdwlng (hedlfpcuitianof theflbro-TBscnlirbnD 
dlea In u lea^ Blioot oT Vltla vliiifera. Ea<h leaf liu flva bsdcles, wblch are untymnu 
trlcallj BiranBed ; n, 6, c,<f, e; A, i, I-, !, m; o.fi, fl.r, i; n, c, », i, j, ; o,3,»,i,.n,! 
t, 1. ■. Each tflndrll has three llbro-vaKaUT bunilleo paEBlDg In trtaa ttie ■Eem,;, t,i 
tb«>illlu7 bods Lava also Ihree./amJn. <XlgeU.) 
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the centre of the stem, and that the hai-d and thick vascular 
bundles, situated at the periphery of the stem, are older tJian 
the softer ones occupying the centre. For stems like those of 
Palms he used the term endogenous, giving the name exogenous 
to the other class, in which new layers are added to the outside 
of the wood. The terms endogenous and exogenous were 
adopted by De Candolle, and have played an important part 
in Systematic Botany. Comparative researches have shown that 
the term endi^eaous as applied to the growth of stems like 
those of Palms is not appropriate, and hence the correlative 
words have been generally 
abandoned as names of the 
two great groups of plants. 
They are now generally re- 
placed by the words monocoty- 
ledonous and dicotyledonous 
(see Vol. I. p. 69). 

Moreover, it is now gener- 
ally admitted that, although 
the distinctions pointed out iu 
366 — namely, those i-elating 
to the ari'angement and course 
of the bundles — are valid for 
most plants of the two great 
groups, monocotyledons and 
dicotyledons, they do not hold 
for all. 

380. Instead of describing 
the numerous exceptions to 
both of these groups as ex- 
ceptions, many authors have 
endeavored to constnict some 
new classification which shall loa 

embrace most of the anoma- 
lies in one or more co-ordinate divisions. Of these attempted 

teadrila ia resumed. Every leaf has five Gbro-vascular hundles, which are 
wranged unsymiiietrioally, as shown in the figure. The long distance through 
which some buodles can run before uniting with any others, and the difTerences 
in structure at the successive nodes, are clearly exhibited in the diagram. 

Fio. IDG. TMBgrBmniBticproJectinn of tlia disposition ortbeflbro-vascnlarbnndleatn 
PbasmlDB TulgBTln This diagram, like Fig. 104, eupeipoHs two langltndlnal sactlana, 
both Been (Com thaaili: a, b.c.ii; /, g, h,ii l,m,»,oi g,r,i, t; u,p, tfl, I; tiasncosB- 
■Ive leaT-trafflB. each with foar RwclcleB. Of the upper leaf'tnce, tbe Bret two fBadcles, 
y, >, an liilble. e, Jt, Jt, p, CtsclclSB lor the three leaves below. [Nigeli.) 
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classiflcations onl; one will be given here, and that only in part 
and Bomewhat rearraoged ; namely, de Bary's : — 

I. The palm-type. A cross-sec- 
tion of inoet monocotjledons show3 
that the baadles are not arranged 
in a simple ring, but that they are 
irregularly scattered or more or 
less crowded to form a shaft, which 



tnaj be hollow as in moat grasses, or filled in the centre with 
parenchyma through which scattered bundles run. The periphery 
of this cylinder or shaft b not a true bark, nor is the middle a 
true pith. In the simple palm-type, all the bundles are leaf- 
etiands. 

II. The dicotyledonons type, in which all the primary bundles 
arc leaf-trace threads. The bundles are arranged in a simple 
circle within which is pith, outside of which is cortex ; medullary 



Fio. 108. TreniTerBB BeetloQ throngli tha onter p«rt of the BtBm of Konthta moll" 
tana, a Pnlm. (Molil.) 

Fig. 101. TTBneverae section throoEh the middle put of the stem of CdTpli^ 
cerUua, a Palm. (Uohl.) 
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rays run between the parenchyma of the pith and that of the 
cortex. To this type belong most dicotyledons, ConifersB, and 
Gnetacese (with the exception of Welwitschia^). 

III. Anomalous dicotyledons, differing from the last in not 
having all their primary bundles arranged in a simple circle. 
The extra bundles may either be in the cortex, as in some Mela- 
stomacese and Rhipsalidese, or they maj'^ lie in the pith either 
scattered or arranged in rings, as in Cucurbitaceae, the herba- 
ceous Berberidacese, species of Papaver, Thalictrum, Amaran- 
tus, and Phytolacca, many Nymphseaceae, some Begoniacese, and 
a few species of Aralia. 

De Bary's other classes comprise anomalous monocotj'ledons 
and certain higher cryptogams. 

381. To make clearer the somewhat complicated structure of 
palm-stems which have unfortunately been selected in many text- 
books to illustrate the histology of monocotyledons, a few general 
statements are now given as introductory to the special treatment 
in the note.^ That portion of a palm-stem which lies above the 
lowest active leaves (better called fronds) is of a conical shape, 
is often much elongated, and carries all the new and forming 



1 For a description of this interesting plant, and an account of its peculiari- 
ties of structure, consult J. D. Hooker on Welwitschia. 

2 The exposition by de Bary of the structure of the simpler forms of Palms is 
given nearly in full in the translation which follows : — 

** Since the appearance of Mohl's Palmenanatomie, the following main char- 
actei-s have been recognized as belonging to the simple palm-type. 

** All the bundles in the cylinder (with some doubtful and certainly extremely 
insignificant exceptions which will be mentioned later) are leaf-traces. The 
base of the leaf includes the whole circumference of the stem, or at any rate 
the greater part of it. The leaf-trace is always several threaded : generally it 
consists of many threads, in stout stems oven of a couple of hundred ; its width 
is nearly the whole of the circumference of the stalk. From the base of the leaf 
the threads curve down into the cylinder, within which they descend, some in 
its outer surface and nearly radial and perpendicular, others radial and oblique, 
first pressing inward toward the long axis of the cylinder in a curve which is 
convex towards the upper and inner side of the stem, then curving outward, 
and gradually passing towards the outer surface of the cylinder, and in propor- 
tion as they approach this, approximating towards a ♦perpendicular position. 
All threads descend through many internodes, and unite at last in the outer 
portions of the cylinder with others which enter it further down, attaching 
themselves to these in a direction which is sometimes tangential, sometimes 
radial, and sometimes oblique. Until this attachment of their lower ends, the 
bundles run independently. The union of the lower ends of bundles with 
others that enter the cylinder lower down generally takes place in such a way 
that the whole number of the bundles in successive internodes of equal cir- 
cumference remains about the same. As the successive internodes and leaves 
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leaveB. It is knowa as the PhyUopkore. The 
formed Dearest the apex of this cone ; and here, 
all the fibro-vascular bundles common to the lea^ 
nate. In most cases there is absolutely no inci 
of the stem below the base of this cone ; but a 
cone is developed and extends further upwards 
the stem, there is also a growth in thickness c 
cone just above its base. Thus a uniform size 
stem is kept. But such increase in thickness 
below the point at which there are active leaves 



"Those bundles in a lenf-tracewbicbcnrve like n bow i 
ft cjlinder do not penetratu to equal deptba ; u a genei 
bnadle of a, series lias deepest, and the others lie less deep 
distance from this ; tbe margitial ones descend nearly pt 
outer surface of the cylinder. Where there are several se 
in the inuer series generally penetrate more deeply thai 
ones which lie at an equal distance from tbe median three 

" The necessary conaequences of the course described j 
n internode the bundles stand closer tog( 
they I 

. ph 

thebi 
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1 of fibra-vasculat bandies Id 
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382. Branner^ has shown that the bundles in Palms do not 
* end blindly at their lower extremities upon the surface of the 

stem, but that they are connected in sections or divisions from 
base to summit one with another, and one on top of another. 
He has further shown that each bundle lies in a spiral ourve 
within which it grows ; and whether it returns to the surface 
upon the side in which it originated or upon the opposite side, it 
is always in this curve. 

383. The structure and development of monocotyledons have 
received much attention during the last few years, and the 
results obtained have caused some modification of previously 
existing classifications. Two of the proposed methods of re- 
arrangement are herewith given: — 

384. Falkenberg recognizes the three following types of stema 
of monocotyledons. 

I. The tissue of the central cylinder is not plainly separable 
even in its mature state into conjunctive parenchyma and fibro- 
vascular bundles. (To this type belong the water-plants, 
Zostera, Potamogeton, and probably all submerged monocoty- 
ledons.) 

II. The bundles and the fundamental tissue are plainly differ- 
entiated; the former extending almost horizontally fVom the 
leaves to the middle of the cylinder, then curving downwards, 
running outwards, and finally terminating in the superficial 



is assumed that the leaves alternate with precisely one half divergence, and in- 
clude the stem, and that the threads stand tangentially perpendicular, then the 
actual course in the stem will be shown in the plan of a radial section through 
the median thread of a leaf given in Fig. 109. But the assumption of a radi- 
ally perpendicular course is vahd only for those bundles which are also tangen- 
tially perpendicular. As was first observed by Meneghini, admitted afterwards 
by Mohl (Verm. Schriften, p. 160), and more minutely shown by Nageli, each 
radially curving thread runs also in a tangentially oblique direction, and 
in spiral curves which are proportionate to the radial curving. Nageli found 
the median thread of a leaf of Ohamsedorea elatior, Mart., for example, making 
IJ revolutions in six internodes ; in the sixth, it had not, in its outward course, 
quite reached the middle point between the centre of the stem and the inner 
surface of the bark. In stems with very shoii; internodes and closely crowded 
bundles the spiral curves are at once perceptible in the cross-section, being 
plainest in the bundles of the stem of Xanthorrhoea, which press almost hori- 
zontally towards the centre of the stem, this peculiarity giving to its cross- 
section the strange appearance which has been frequently mentioned. 

** Finally, many variations from that course of a thread which has here been 
described as typical may occur ; there may be curvinga altematoly toward 
tlie outside and the inside, etc., which are not constant." 

^ Proceedings of American Philosophical Society, 1884, p. 459. 
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Isyers of the central cylinder. (The Mohl-Mirbel PaJm-Type, 
illustrated by Asparagus, Iris, Canna, Aapidistra (see fig. 103), 
Acorus, Scirpus, Zea, etc., the 
underground parts of Liiium, 
Tulipa, etc.). 

III. The bundles and the 
fundamental tissue are plmnly 
differentiated ; the bundles run- 
ning downwards, and gradually 
converging at a point in the 
middle of the central cylinder, 
here blending with the leaf- 
traces of older leaves, without 
again curving outwards. (Ex- 
amples are afforded by Trades- 
cantia, the parts above ground 
of Liiium, Tulipa, etc.). 

385. Guillard' descril>es six 
types of structure in the stems of 
"* monocotyledons which depend 

chiefly upon the relations of a central zone (called "interme- 
diate ") to the fibro-vascular bnndles in the remaining portions of 
the stem. The classification has no substantial advantage over 
that of Falkenberg. 

• These types will be better undetsWod after some peculiarities in the ter- 
minology are explained. By "pith," in monocotyledons, Guillard means the 
centrnl region of parenchyma ; by " intermediate rone," the active zone imme- 
diately surrounding the central region ; by "cortical zone," the zone outaide 
the external circle of bundles and the prodactB of the intennedia1« zone. The 
sii types are the following ; — 

lat Type. No intennediate zone between the pith and cortical zone ; 
«. g., Polygonatum vulgare. 

2d Type. An interaiediate zona represented by different tissues : — 

1. Consisting of CBuline bundles ; e.g.. Iris ilorentins. 

2. Consisting of ineriatemiform tissue (that is, tissue which produced 

from secondary meristem retains the shape but not the activity of 
meristem) ; e. g,, Chamiedorea elatior. 
8. Consisting of a fascicular sheath r e. g., Epipactis palustriB. 
i. Consisting of the three foregoing ; e, g.. Acorns Calsmos. 
8d Type. A single eiternal zone of bundles, with a potential intermediate 

mue ; e. g., Luznla campeatris. 
<th Type. Common bundles in two groups : one at the centre of the eteni, 
the other forming the ordinary circle, separated from the first by a poten- 
tial intermediate zone ; t. g., Tradescantia TirginJca. 
Fio. 110. I>[i(ilbntlnn of the flbro-TUcnlar bondlea In ttie ]»r-shap«d branch at 
Biucaa hrpogloaa 
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Secondary Strdctdkb. 

386. It has been noticed that the fibro-TOSColar bundles of 
mouocotj'tedons differ fVom those of dicotyledons chiefly in tfae 
posaessioo by the latter of a layer of merismatic tissue (cambium) 
between the cribrose and woody portiona. The stems of peren- 
nial dicotyledons increase in tiuckneBS from year to year chiefly 
by the annual production of a new mass of wood upon the in- 
side of this layer, and of lilier 

upon the outside ; but the stems 
of most monocotyledons have no 
provision for annual increase in 
diameter. Hence it is convenient, 
in spite of numerous anomalies, 
to consider the secondary etmo- 
ture of the stem under tbese two 
heads. 

387. Secondary stractnre of 
moDoeotf ledonons stems. As has 
been already observed, the pri- 
mary bundles in palms run from 
the leaves in curves of long ra- 
dius until they again approach 
tbe surface of the stem, and their 
IbUest development is found in 
the middle part of their course. 
While a cross-section exhibits 
these bundles as scattered without 
much order in a mass of paren- 
chyma, a vertical section shows 

that they have entered the stem m 

at difi'erent heights (since the 

leaves with which they were developed were at difi'erent points 

on the stem). A vertical section can display only parts of most 

of these curved bundles. At the stem of a palm Jnst below the 

crown of leaves there are as many bundles seen in a cross-sec- 

Sth Type. A central mass of secondary tirane, formed from ceatral meris- 

tem. Iptennediat* zone well developed ; *. g., TriglocMn maritiranm. 
fllli Type. Bandies having seTcntl distinct liber elements ; e, g., Tunns 
(An&tomie de la tige des Monocotyl^donea, Ann. des Sc 
, tome v., 1878, p. 1.) 
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tion as have been derived from the leaves at that point ; and 
since these bundles do not possess a caiubiiim layer, they have 
no power of increasing in size. The only changes therefore to 
be looked for in the stem of a palm from year to year are those 
in the ra^ed exterior trom which the leaves fall, and the pos- 
sible increase in firmness of the individnal elements of the older 
bundles. The stems of most palms are as thick when they begin 
to ascend from the ground as they will afterwards be, IJieir bun- 
dles early becoming permanent tissue throughout. 

388. The presence of obscure nodes in the stem may com- 
plicate its structure somewhat by the introduction of horizontal 
interlacing bundles ; but there is in these cases, as in the former, 
no provision for increase in thickness. 

389. In some monocotyledonous stems new bundles can arise 
in a merismatic layer just witliin the cortex, and therefore cause 
an increase in the diameter of the stem. 

A similar mode of increase in thickness is met with in the 
stems of maoj' dicotyledons ; as those of Nyctagiuaeeie, many 
Chenopodiaceaj and Amarantacece, etc. Secondary bundles are 
formed in a merismatic layer outfiide the primary bundles, and 
in contact with their liber. 

390. The secondarf Btracture of normal dlcotjledonons stems 
(see 369) is easily understood when it is remembered that the 
cambium of their primary bundles possesses the power of form- 
ing the following kinds of tissue : a, new wood on the outside 
of that which was last produced ; b, a layer of new liber ; c, fresh 
cambium for subsequent activity ; and d, continuations of the 
meduUarj' rays. 

The cambium layer in the stems of most dicotyledons is com- 
posed of extremely delicate, thin-walled cells, which are filled 
with protoplasm and building materials. In the spring, when 
the bark is readily stripped from the wood, this layer appears to 
the naked eye as a thin film of mucUaginous matter having no 
eellalar structure. In the case of such plants as the maple, 
birch, and pine, this juicy mass poasesaea a very sweet taste, 
owing to the large amount of oiganizable nutrient matter wluch 
it contains. 

391. The cambium layer exposed by removal of the bark soon 
dies, and of course all further increase in diameter ia impossible 
unless the wound is healed In some way (see i2l). 

392. The growth in size of the stems of normal dicotyledons 
depends therefore upon the existence and activity of cambiiun 
cells between the wood and bark. The juxtaposition of the 
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piimaiy bundles brings the cambium into the form of a circle, 
sometimeB broken, but frequently nnintorrupted. If the cam- 
bium circle is substaotiaUy unbroken, a new compact ring of wood 
is laid upon the wood 
of the primaiy bun- 
dle, and a new ring 
of liber forms within 
the older liber. This 
action may be indefi- 
nitely repeated; and 
in a climate whei-e 
there are notable dif- 
ferences either in tem- 
perature or moisture 
between the seasons, 
the concentric circlea 
are records of the 
years. 

If the primary bun- 
dles are not in con- 
tact, the new wood 
added year by year 
simply increases the 
size of the wedges at 
their outer part. 

393. New bundles 
may be intercalated 
directly between those 
already present, and 
grow in much the 

same manner as the 112 

primary ones ; or they 

may arise at new points of activity and produce great changes 

of form. In the same way tertiary changes and those of a 

. higher order may follow the secondary ones, giving rise to stems 

which have a very complicated etmctare. ^he most puzzling 



Fig. 112. Diagrams Bhawinjc (he woondary Increue In thla)men nf a, normal dlootj- 
ledonooB stem : Ji.eortei; p, pblosin wlthlbrea fiisdolei of hard-baat flbrw; *, ijlem; 
«, pith. ..< shows only primary structurB: Beihlblta rormatiOB of the ring at c»m- 
bIiim;/c,&KlcnIiT csmbiumi ic, intsr-fasdcalu camhlom; &, A, t, foscklsa of hard 
bant ; C, at tba end of Cha year, after the farmatlon of the ■econdary Sbro-Tascular rin(; 
p, liber; A ■econdary wood of the bundle; i/p, Inter-bKiIcalar llbcr; ifli, Inter-fka- 
dcnlar Hcondary wood; the ontlre ring Is sabdiTided by madnllary layi of dURirent 
lanctha. (Sachs.) 
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cases can generally be referred to eccentric growtt of some one 
or more parts, as in flattened Btema, or explained by the intao- 
dnction and more vigorous growth of supemumerary bundles. 

394. Extraordinary anomalies are afforded by the lianes of 
tropical couutriea, woody climbers with distorted stems. They 
belong chiefly to a few orders ; namely, Bignoniaee», Mal- 
pighiaceffi, MenispermaceEe, and Aristoloehiaceie. A few inter- 
esting cases are shown in the accompanying figures, and are 
sufllciently explained in the descriptive letter-press. 



S95. Spring wood and antoiu irood. The secondary wood an- 
nually produced in a temperate climate like ours exhibits certain 
differences between the inner and the outer portion of the year's 

Fia. 113, TruKverse MCtion of tba Btsm of slIaDsMangtavtotheorderMalplEbl- 
aceice: m, pith; ft, tha central portioii of tbe wood, uronged In concentrio layers around 
tbepltb. (Ditcb»rtre.) 

FiQ. Ili. TraniTerM section oT tlie stem of a llui* belonging to Uie order Malplglil- 
■oes: m.therlttL Tbe bark followB all the Irregolarmcs of Uie wood. (DnoharCrcl 

Wia. lis. TraiKTenw section of a llane belonging to the order Sapindacaie : b, pri- 
mary woody body ha?ingltt own picUm, and bark e'c; 6', J',6', threesoeondarj woodj 
bodies iilthout pith, bnt having ai thick a Imrk as Che primary body. (Duchartrc) 

Fia. 11«. TrannTerw aoctloTi of the stem of allane balonglng U> the order gaplndacee- 
b, the prlmiry or central woody body having Its own pith m; 6'. b', 6'. 6', a drole of on- 
equal secondary woody bodies; b", tertiary woody bodies. (Dacharlia.) 
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ring. That which is produced earliest (spring wood) has some- 
what larger ducts and wood-cells than that which is formed later 
(autumn wood) . The difference is not very striking when the 
wood of a single year is examined, for the diminution in size 
is gradual from within outwards ; but if the autumn wood of one 
j^ear is compared with the spring wood in the next ring, the dif- 
ference is very marked. The cause of the difference in character 
between the early and later wood formed during a single season 
is supposed to be the greater pressure exerted by the tense bark 
in autumn. The experimental evidence in favor of this view 
will be presented in the chapter on " Growth." 

396. In climates where there is no marked arrest of vegetative 
activity during the whole year, for instance, in that of the equa- 
torial zone, the secondary wood seldom presents any clearly 
defined annual rings. In the wood of warm, temperate zones, 
however, well-marked annual rings are not uncommon. 

397. It has long been known that in temperate climates a tree 
may exceptionally form a double ring in a single year. The 
cause of this in cases which have been carefully examined ap- 
pears to be : (1) a partial cessation of activity owing to injury, 
followed by (2) a renewal of activity in the same season. Thus 
an elm may be stripped of its leaves in earl}' summer and suffer 
a temporary check; but the buds already formed for another 
year develop into full leaf in a short time, the assimilative activ- 
ity is resumed, and two rings are formed as a result of this ces- 
sation and renewal. Kny ^ has found this to be the case with 
several trees which had been deprived of their foliage at the end 
of June. Wilhelm has found by experiment that a tolerably 
well-defined double ring was formed in Quercus sessiliflora, from 
which he removed all the leaves on the 7th of June ; while in a 
second case, where the foliage was removed later (July 10th), 
the duplication of the ring was not apparent. 

398. From this statement it would appear that even in tem- 
perate climates, where there is a prolonged period of complete 
inactivity due to the cold, the number of rings shown in the 
cross-section of a stem may not exactly coincide with the num- 
ber of years through which the tree has lived. But, as matter 
of fact, the lines of limitation in the intercalated rings are so 
much less distinct than those on either side, that the two lesser 
rings would be counted as one, and therefore be credited to the 
growth of one year instead of two. 

1 Verhaudl. d. botan. Vereins der Pro v., Brandenburg, 1880. 

2 Child : Popular Science Monthly, December, 1883. 
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season, a broad ring of a warmer one. Their width varies also 
in the same species in different localities : thus, in Finns sjlves- 
tris, grown between 50° and 60° north latitude, in Europe (the 
space occupied bj' the British Isles) , the annual layers are very 
seldom less than ^ of a millimeter in thickness ; while in the 
same tree, grown far north, the thickness is not -j^ of a milli- 
meter.^ The width varies also in different parts of the same 
ring. For instance, in the case of Finns sylvestris, Bravais and 
Martins found the two opposite radii in a stem to have the ratio 
of 9 to 19, the side having the greatest thickness being that 
which had its foliage best exposed to air and light. The eccen- 
tric growth of the wood of branches has been often noted ; the 
longer radii are those on the lower side. 

401. Sap-wood (Alburnum). The new and soft wood con- 
tains a larger proportion of soluble organic matters, of nitro- 
genous substances, and, when fresh, of water, than the older, 
harder wood lying just within. The " sap " of the tree is found 
in largest amount in the newer wood. The name alburnum was 
given to the sap-wood by the early histologists on account of its 
white or pale color. Contrasted with it, but not alwaj's very 
sharply, is the harder substance, Heart-wood^ or Duramen.^ The 
latter was given its name because of its greater hardness, or 
durabilit3\ Generally there is some distinction in color between 
the sap-wood and heart- wood, owing to the presence of peculiar 
coloring-matters lodged in the texture of the latter." 

402. Color of wood. The deep colors which characterize many 
kinds of wood are contained chiefly in the walls of the cells and 
ducts. In Haematoxylon Campechianum the coloring-matter 
sometimes occurs also in crystals inside the cells themselves or 
in clefts of the wood. The wood of Fterocarpus santalinus (Red 
Sanders- wood) consists of libriform cells intermingled with small 
groups of very large ducts, both of which contain the rub}- color- 
ing-matters in large amount. Many Berberidaceae, Cladrastis 
tinctoria, Cercis, etc., have yellow coloring-matters in the wood ; 
in Guaiacum the color is greenish ; in black walnut, brown ; in 
ebony, nearly black. 

^ Bravais and Martins : Ann. des Sc. nat., ser, 2 tome xix., 1843, p. 129. 

^ The word Duramen is used by some writers to denote merely that heart- 
wood which has become very dense by peculiar infiltrations (Sauneredorfer, in 
Sitzungsber. d. k. Akad. Wien., 1882). 

* The following figures, giving the proportion of sap-wood to the entire vol- 
ume ot the trunk, are from Tredgold (Piinciples of Carpentry, Section X. , cited 
by Rankine) : Chestnut, 0.1 ; Oak, 0.294 ; Scotch Fir, 0.418. 
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403. It may be here mentioned that many woods have cl 
teristic odors ; for iasUuce, sandal-wood, violet-wood, and 
of the coniferous woods. 

404. The presence of resinous matters in wood, partic 
when these are evenly although sparingly distributed throuj 
mass, exerts a marked effect in retarding decay. The dun 
of the wood of Southern Cypress, even when exposed to the 
actioD of the warmth and moisture of a greenhouse, is u 
attributed to their presence. But there are some cases of 
resistance to the influences producing decay, which caat: 
referred to the same mode of protection ; for instance, tb 
Bobinia Fseudacacia (or common " Locust ") and Catalpa. 

405. Various processes have been tried for destroyin 
putrescible matters in cells, or so modifying the characi 
the cell-wall that the wood can be protected against decay. 

406. The oldest known method of preserving wood ii 
bonizing, or charring, by which ttiose constituents of the 
specially liable to decay are so changed as to be no longer 
to putrefaction. The wood-preserving processes known as 
nettizing and Kyanizing have for their object the coagulat 
protein matters in wood-cells, thus retarding if not prevc 
putrefaction. 

407. In Kyanizing, a solution of mercuric chloride is i 
into the texture of the wood ; but the cost of this subs 
is so great, that it has led to a general abandonment o 
process. 

408. In Bumettizing, the wood is impregnated with a so 
of zinc chloride containing about fifly-five per cent of tb 
chloride. This is forced into the wood under pressure. 

409. Another pi'ocesa — creosoting — depends upon the 
duction into the wood of a solution of impure creosote, a pre 
of about one hundred and fifty pounds to the square inch 
maintained until the wood has absorbed a sufficient amoi 
the antiseptic liquid. Some of the antiseptic matters obt 
by a rough distillation of coal-tar are also used for prese 
wood. 

It is an interesting fact that even wood which in th 
is specially liable to decay can be preserved for a long ti; 
deeply submerged in wafer. 

410. There is an appreciable difference, especially in le 
between the wood-cells of the earlier annual rings and 
which succeed them ; and Sanio has shown that an lucres 
length of the cells occm-s up to a certain period of growth, 
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an average appears to be established. This fact is illustrated 
by the following table, based on measurements of tracheids of 
Pinus sylvestris.^ 

Kamber of the annual Mediam length of the Medium width of the 

ring. tracheids. tracheVds. 

1 95 mm. .017 mm. 

17 2.74 " 

19 8.13 " 

31 3.69 ** 

37 3.87 •* 

38 3.91 " 

39 4.00 " 

40 4.04 " 

43 4.09 *' 

45 4.21 *' 

46 4.21 ** 

72 4.21 *♦ .032 mm. 

From this table it is seen that the increase can be traced up to 
the forty- fifth year, but that from that time on, the tracheids in 
one ring have the same length as those in the next. Those in 
the forty-fifth annual ring have an average length of about five 
times that of those in the first. In the wood of oak, the libri- 
form cells exhibited the gi'eatest difference in length. Thus 
Sanio found that in a stem of Quercus pedunculata, with 130 
rings, the medium length of these elements in the ring of the 
first year was .42 mm., and in the three outer rings 1.22 mm. 
Tracheids in the same rings measured, however, only .39 mm. 
and .72 mm. respectively. With this increment in the length of 
wood elements in successive rings, Habeiiandt associates a fact 
noticed bj'^ Alexander Braun ; ^ namely, that the wood elements 
in some stems and branches stand not parallel with the axis, but 

1 Ueber die Grosse der Holzzellen bei der gemeinen Eieferi Prings. Jahrb., 
viu. 409. 

2 Ueber den schiefen Verlauf der Holzfaser, und die dadurch bedingte 
Drehung der Baume, Berlin, 1854. 

It is proper to refer at this point to an instructive paper by Abromeit 
upon the histology of the oaks, in which the most marked characters of the 
North American species are fully treated (Pringsheim's Jahrb., 1884, p. 209). 
According to Abromeit, the oaks can be plainly classified as follows : — 
I. With wide well-marked medullary rays. 
A. The annual rings distinctly defined by the concentric circles of the 
larger ducts of the spring wood, and seen by the naked eye. The 
smaller ducts are arranged i;i radial rows in the autumn wood. 
a. With thin -walled ducts. 

a. The radial rows of small ducts touch each other tangentially : 
Quercus lyrata, alba, Durandii, stellata, macrocarpa, Wislizeni 
Prinus, Garryana, bicolor (var. Michauxii). 
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somewhat oblique thereto. The degree of obliquity is generallj 
from 4** to 6®, but it is sometimes much higher than this ; for 
instance, lO** to 20** in horse-chestnut, 30° in Syringa vulgaris 
(Lilac) , 40** in Sorbus aucuparia, and 45° in Punica Granatum. 
411. Densily of wood. Owing to its greater firmness aud 
smaller amount of putrescible substances, heart-wood is economi- 
cally of far greater value than sap-wood ; and hence nearly all 
determinations of density, strength, etc., are made upon it, 

p. The radial rows of the smaller ducts are relatively narrow and 
for the most part isolated tangentially : Quercus bicolor, ses- 
siliflora, Iberica, grosseserrata, castaneifolia, pedunculata, 
Thomasii« undulata (var. grisea), Mongolica, macranthera, 
heterophylla. 
7. The radial rows of the smaller ducts are very narrow, and the 
ducts differ somewhat in width. The large ducts are in groups 
in the concentric circles i Quercus lobata. 
b. With thick-walled ducts, 
a. The large ducts in the concentric cii'cles are indistinctly grouped, 
while the small ducts are crowded in narrow radial rows: 
Quercus rubra and the var. ? Texana. Quercus tinctoria. 
p. Large ducts, as in the previous group. The radial lines of the 
smaller ducts wide, and the ducts themselves visible to the 
naked eye : Quercus imbricaria, hypoleuca, laurifolia, Kelloggii, 
palustris, falcata, Gatesbsei, aquatica, nigra. 
y. "With distinct radial grouping in the circles of the larger ducts of 
the spring wood. The radial rows of smaller ducts narrow and 
straight. The small ducts visible to the naked eye : Quercus 
Cerris, serrata, Phellos, coccinea. 
B. Having thick-walled ducts of one kind, and these arranged in radial 
rows or groups. The annual rings are not distinct to the naked eye, 
and are defined chiefly by the thick-walled wood-cells of the outer 
layers of the autumn wood. They are easily made out under the 
microscope, 
a. The radial rows of ducts are for the most part wide : Quercas 
virens, oblongifolia, chrysolepis, rugosa. Ilex, coccifera, Calli- 
prinos, lanuginosa, paucilammellosa, glabra, Buigeri, gilva, 
thalassica. 
p. Badial rows of ducts mostly narrow : Quercus Suber, agrifob'a, 
glauca. 
II. The wide medullary rays appear under the microscope to be somewhat 
interrupted by wood-cells, so as to appear like groups of narrower 
rays.: Quercus dilatata. 
The principal kinds of wood-cells in oaks, according to the nomenclature of 
Abromeit, are : first, the ** pointed," of which there are two varieties, the septate 
and the unseptate ; and, second, the ** blunt," which are of comparatively wide 
caliber, and have thin walls. The length of the pointed cells in an average of 
171 measurements was found to be 1.224 mm. ; that of the blunt cells only 
.1 mm. Besides these two chief kinds, there are transitional forms of every 
sort 
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rather than upon the latter. The lightest wood is probably the 
so-called " cork- wood" of the West Indies (Ochroma Lagopus), 
with a specific gravity of .25 ; the heaviest is Condalea ferrea, 
specific gravity 1.302.^ The specific gravity of pure cellulose is 
given by authors variously as 1.25 to 1.52 ; ^ hence the figures 
noted above for the extremes of wood-density show indirectly the 
degree of buoyancj' imparted by the air entangled in the tissues.' 
412. Wood-fibre used for paper-pulp. The longer wood-cells 
of many common ligneous plants can be profitably separated 



1 Wiesner ; Die Rohstoffe des Pflanzenreiches, 1878, p. 635. 

3 Ebermayer : Chemie der Pflanzen, 1882, p. 164. Husemann and Hilger : 
Die Pflanzenstoffe, 1882, p. 108. 

' The following determinations were made under the direction of Professor 
C. S. Saigent, for the Tenth United States Census. 









^i 


1^ 


Botanical name. 


Common name. 


Begion. 


^^ 





Seqaoia gigantea. 
Pinus StrobuB. 


Big Tree. 
White Pine. 


California. 


0.9002 


18.71 


North Atlantic. 


0.3842 


2a94 


Tsuga Ganadensia. 


Hemlock. 


North Atlantic. 


0.4202 


26.18 


liriodendron Tulipi- 


Whltewood. 


Atlantic. 


0.4208 


26.22 


fera. 










Tazodium disticliam. 


Cvpress. 
Chestnut. 


South Atlantic. 


0.4438 


27.66 


Castaneavalgaris, var. 


Atlantic. 


0.4604 


28.07 


Americana. 










Abies nigra. 


Black Spruce. 


North Atlantic. 


0.4584 


28.67 


Populas grandldentata 


Poplar. 


North Atlantic. 


0.4632 


28.8T 


Pinnn resinosa. 


Norway Pine. 
Piteh Pine. 


North Atlantic 


0.4864 


30.26 


Pinus rigida. 


Atlantic Coast 


0.4957 


30.89 


Acer dasycarpnm. 


Silver Maple. 


Atlantic. 


0.6269 


32.83 


PyruB Americana. 


Mountain-Ash. 


Atlantie. 


0.5451 


33.97 


Betula nigra. 


Bed Birch. 


Atlantic. 


0.5762 


35.91 


Platanns occidentalis. 


Sycamore, Button wood 


Atlantic. 


0.6006 


37.42 


Jaglans nigra. 


Black Walnut. 


Atlantic. 


0.6143 


38.28 


Larix Americana. 


Larch. 


North Atlantic. 


0.6236 


38.86 


Ulmus Americana. 


White Elm. 


Atlantic. 


0.6516 


40.61 


Fraxinus Americana 


White Ash. 


Atlantic. 


0.6530 


40.70 


Quercos rubra. 


Bed Oak. 


Atlantic. 


0.6612 


41.21 


Acer saecharinum. 


Sugar Maple. 


Atlantic. 


0.6827 


42.64 


Fagus ferrnginea. 


Beech. 


Atlantic. 


0.6883 


42.89 


QuercuB sMm. 


White Oak. 


Atlantic. 


0.7438 


46.36 


Betula lenta. 


Cherry-Birch. 
Live Oak. 


Atlantic. 


0.7617 


47.47 


Quercus virens. 
Guaiacum sanctum. 


South Atlantic. 


0.9504 


59.23 


Lignum Vitse. 


Semi-tropical Florida. 


1.1432 


71.24 



The specimens used in the above determinations by Mr. S. P. Sharpies were 
dried at a temperature of 100° C. until they ceased to lose weight, when the 
specific gravities were obtained by measurement with micrometer calipers and 
calculation from the weights of the specimens. 

For the purpose of utilizing histological features in the identification of 
woods, classificatory tables have been prepared by many authors. One of the 
most useful of these is given in Schacht's work. Die Pflanzenzelle, in which 
the different wood-cells of Coniferse are described, in order to aid in the recog- 
nition of the genera. Another is de Bary's (Yergleichende Anatomie, p. 509, 

10 
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from each other by mechanical or chemical means for use in the 
manufacture of paper-pulp. The woods which appear to have 

translated in Sachs's Text-book, 2d Eng. ed., p. 651), in which the struetural 
characters of many kinds of wood are given. The table will be foond con- 
yenient for reference. 

1. Wood consisting only of tracheids with bordered pits : — 

Winterer (Drimys Winteri, Tasniannia aromatica ; also Trochodendron 
aralioides) : (Conifers). 

2. Wood consisting of vessels, tracheids, parenchyma, and intermediate cells ; 

that is, substitute or replacing cells or fibres (ei'satzfasern) : — 

a. With no intermediate cells ; Ilex aquifoUum, Staphylea pinnata, Rosa 

canina, Crataegus monogyna, Pyrus communis, Spirsea opuHfolia, 
Camellia, etc. 

b. With no parenchyma ; Porlieria. 

c. With both parenchyma and intermediate cells ; Jasminum revolutum, 

Kerria, Potentilla fruticosa, Casuarina equisetifolia and torulosa, 
Aristolochia Sipho, etc. 

3. Wood consisting of vessels, tracheids, fibres, parenchyma, and intermediate 

cells : — 

a. With no intermediate cells ; fibres unseptate ; e. g,, Sambucus nigra 

and racemosa, Acer platanoides, Pseudoplatanus, and campestris. 

b. With both parenchyma and intermediate ceUs ; fibres unseptate ; Ber- 

beris vulgaris, Mahonia ; (Ephedra). 
c With no intermediate cells ; fibres septate and unseptate ; Punica, 
Euonymns latifolius and Europeans, Celastrus scandens, Vitis vini- 
fera. Fuchsia globosa, Centradenia grandifolia, Hedera Helix, etc. 

d. With all four kinds of cells ; Miihlenbeckia complexa, Ficus. 

4. Wood consisting of vessels, tracheids, fibres, parenchyma, and intermediate 

cells. This is the most common, and may be taken as the typical structure : 

a. With no intermediate cells ; Sparmannia Africana, Calycanthus, Rham- 

nus catharticus, Ribes rubrum, Quercus, Castanea, Carpinus sp., 
Amygdalese, Melaleuca, Callistemon sp., etc. 

b. With no parenchyma ; Caragana arborescens. 

c. With both kinds of cells ; most foliage- trees and shrubs; e, g., Salix, 

Populus sp., Liriodendrou, Magnolia acuminata, Alnus glutinosa, 
Betula alba, Juglans regia, Nerium, Tilia, Hakea suaveolens, Ailan- 
thus, Robinia, Gleditschia sp., Ulex Europaeus, etc. 

5. Wood consisting of vessels, fibres, ixarenchyma, and intermediate cells : — 

a. With no parenchyma ; Viscum album. 

b. With no intennediate cells ; Aviceunia. 

c. With both kinds of cells ; Fraxinus excelsior, Ornus, Citrus medica, 

Platanus, etc. 

6. Wood consisting of vessels, fibres, and parenchyma : — 

Cheiranthus Cheiri, Begonia. Also many Crassulaceae and Caryophyl- 
lacese. 

7. Wood consisting of vessels, fibres, parenchyma, and true woody-fibres : — 

Colens Macmei, Eugenia australis. Hydrangea hortensis. 

8. Wood consisting of vessels, tracheids, woody fibres, septate fibres, paren- 

chyma, and intermediate cells : — 
Ceratonia siliqua, Bignonia capreolata ; it is, however, still doubtful if 
true woody-fibres are present. 
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been most extensively employed up to the present time are some 
of the species of Abies, Betula, Populus, Tilia, and Liriodendron 
Tulipifera (in the United States sometimes called "Poplar"). 
The chemical processes depend (1) upon the solvent power of 
caustic soda under pressure, and with heat, upon the so-called 
intercellular substance which unites the cells, or (2) upon the 
similar power of a sulphite, preferably magnesic, also under 
pressure and with heat. 

413. Bark. A, Secondary liber. Each yearly addition to the 
inner surface of the bark is seldom plainly distinguishable from 
those which have preceded it, and hence we cannot determine 
positively the age of an old tree by the layers of its inner bark. 
The bast-fibres of a single year often cling together in a strik- 
ing manner, forming bands or strips of considerable strength, 
and in a few cases, notably that of Daphne Lagetta, there are 
fine meshes between the fibres, so that the inner bark seems to 
be composed of layers of delicate lace. 

A piece of thick bark of linden macerated for a while in water 
becomes so softened that the j'ounger portion of the inner bark 
can be easily separated into the annual la3'ers. Strips of the 
coherent fibres form the Russia matting of commerce. The 
strips often measure 2-3 meters in length, 2-5 cm. in width, 
and .04- .08 mm. in thickness. Scattered among the individual 
hard-bast fibres there are many parenchyma cells, some of which 
plainly belong to the medullary rays, and others to the fibro- 
vascular bundles. 

414. The bast-fibres, in a few instances, instead of being re- 
tained upon the stem for an indefinite period, are separated early, 
leaving the newer bast exposed. This is the case with some of 
our species of Vitis, in which the bast becomes detached in the 
form of long, loose shreds after the first year. 

415. The crystals found in bast are very abundant. They 
are chiefiy monoclinic, and occur both singly — arranged in 
rows — and in clusters. ^ 

416. The appearance and distribution of the fibres of bast 



1 De Bary gives the following list, taken chiefly from Sanio : — 

Clusters of crystals in bast of Juglans regia, Rhus typhina, Viburnum Oxy- 
coccus, V. Lantana, Prunus Padus, Punica Granatum, Ptel^ea trifoliata,,Ribes 
nigrum, Lonicera Tatarica. 

Single monoclinic crystals in bast of species of Acer, and the Pomacej», 
Robiuia, Cladrastis, Ulmus campestris, Berberis, etc. 

Single monoclinic crystals and clusters in bast of Quercus, Celtis, ^sculus 
Hippocastanum, Hamamelis Virginica, Morus, Salix, Fagus, Populus, Car- 
pinus, Betula, Tilia, etc. 
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are so characteristic in certain kinds of bark that they may be 
used for identification. An example is given below.^ 

417. Bf Corky which has already been described m part in 
Chapter II., plays a very important part in the structure of older 
bark. Its relations to the cells which produce it, and to the 
epidermis which it displaces at an early period of its growth, will 
be plain from an examination of Fig. 117. In its production 
there are periodic arrests of activity just as in the case of wood, 
and hence in cork-tissue of firm texture it is possible to detect 
the lines of annual demarcation. When the cork of the cork- 
oak has reached a merchantable thickness (usually in ten to fifteen 
years), it is removed down to the phellogen, or cork cambium, 
and from this tissue new growths begin.' 

1 "The liber is traversed by medullary rays, which in cinchona are mostly 
very obvioos, and project more or less distinctly into the middle cortical tissue. 
The liber is separated by the medullary rays into wedges, which are constituted 
of a parenchymatous part, and of yellow or orange fibres. The number, color, 
shape, and size, but chiefly the arrangement of these fibres, confer a certain 
character common to all the barks of the group under consideration. 

" The liber-fibres are elongated and bluntly pointed at their ends, but never 
branched, mostiy spindle-shaped, straight, or slightly curved, and not exceed- 
ing in length 3 mm. They are consequently of a simpler structure than the 
analogous cells of most other officinal barks. They are about ^ to ^ mm. 
thick, their transverse section exhibiting a quadrangular rather than a circu- 
lar outline. Their walls are strongly thickened by numerous secondary. depos- 
its, the cavity being reduced to a narrow cleft, a structure which explains 
the brittleness of the fibres. The liber-fibres are either irregularly scattered 
in the liber-rays, or they form radial lines transversely intersected by narrow 
strips of parenchyma, or they are densely packed in short bundles. It is a 
peculiarity of cinchona barks that these bundles consist always of a few fibres 
(three to five or seven), whereas in many other barks (as cinnamon) analogous 
bundles are made up of a large number of fibres. Barks provided with long 
bundles of the latter kind acquire therefrom a very fibrous fracture, whilst 
cinchona barks, from their short and simple fibres, exhibit a short fracture. 
It is rather granular in Calisaya bark, in which the fibres are almost isolated 
by parenchymatous tissue. In the bark of C. scrobicnlata a somewhat short 
fibrous fracture is due to the arrangement of the fibres in radial rows. In 
C. pubescens the fibres are in short bundles, and produce a rather woody frac- 
ture " (Fliickiger and Hanbury, Pharmacographia, p. 817). 

* As noticed in 246, the inner layer of cork-meristem may give rise to paren- 
chyma cells containing chlorophyll. Of these cells Sanio says : ** They never 
become cork-cells, but are truly parenchymatous ; they are filled with chloro- 
phyll, starch, and sometimes with crystals. They never become lignified, but 
the wall remains as unchanged cellulose, and, in short, they are true cortical 
cells, fiince, then, they owe their origin to the activity of the cork-meristem, 
but behave throughout their whole subsequent development precisely like the 
cells of the cortex, they may be called cork-cortex cells. When they form a 
distinctly defined layer, the term Phelloderm is appropriate" (Pringsheim's 
Jahrb., 1860, p. 47). 
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418. In some plants, notably the birch, papery layers exfo- 
liate from time to time, while in some other plants, e. ^., the 
shag-bark hickory, large strips of irregular form and thickness 
are detached. Owing to the mode of their formation, such sepa- 
rated pieces may contain very heteK^eneous elements. Of them 
Sacha says:' "Not qu- 

frequently the formation 
of cork penetrates much 
deeper [than the peri- 
derm] : lamellse of cork 
arise deep within the stem 
as it increases in thick- 
ness ; parts of the funda- 
mental tissue and of the 
fibro-vascular bnndles, or 
of the tissue which after- 
wards proceeds from them, 
become, as it were, cut 
out by lamellffl of cork. 
Since everj'thing which 
lies outside such a struc- 
ture dies and dries up, a 
periplieral layer of diied 
tissue collects, which is 
very various in its foi-m 
and origin. This struc- 
ture, abundant in Conif- ^jj 
er» and in many dicoty- 
ledonous trees, is the tKirk, the most complicated epidermal 
structure in the vegetable kingdom," 

419. Injoriea of the stem. The stem, especially in the case 
of plants living many years, is particularly liable to injuries, the 
most frequent of wliich are of course the wounds left by the fall- 
ing of the lower limbs. It is proper to treat here of the natural 
repair of such injuries. 

420. When any part of a plant suffers serious mechanical 
injury by which the deeper tissues are exposed, the surface of 

1 Text-book, 2d Eng. ed., 1882, p. flS. 
FlQ. IIT. FonnaUon of cork In a brinob of BibOB nlgmm, one joar old [ pvt of > 
tiBnaTerM Boctlon; e, epidermlB ; 4, hair; 4, bast-oells; yr, tortleal pftrenebjma dis- 
torted by tlia Inoraasa In the thlckneM of the branch ; X, toUl product of the liellogen o ,■ 
k, the cork-cells rsdlsllT In rows, formed from c In centrlfussj order ; pd, phaUodarm 
(parenchyma oonCsinlng chloraphfll formed csntrlpetallr &om e). (Sachi.) 
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the wonnd exhales moisture very rapidly, and under ordinary 
circamstances, except in spiing, soon becomes dry. As Hartig^ 
has shown, the drying of the exposed tissues is fatal to their 
component cells, and the organic contents speedily undergo 
chemical decomposition. The products of this decomposition 
have been further shown by him to be fatal to neighboring cells, 
and under certain conditions the mischief may progress to an 
irreparable extent. But usually there is an arrest of the de- 
structive action either from lack of the free oxygen necessary for 
the putrefactive process, or by the protection afforded by tissues 
for repair. Wounds in resinous trees are measurably hindered 
from effecting much damage, owing to the exudation of liquid 
resins which exclude air. 

421. The smaller wounds of a plant are generally healed by 
cork or by callus. 1. By cork. The superficial layer of cells at 
the surface of the wound is destroyed by the injur>^ and dries 
at once. In soft tissues the layer just below this immediately 
becomes merismatic, and behaves precisely like normal cork- 
meristem, covering the entire wound with a grayish or brownish 
film, which is in unbroken connection with the edges of the 
wound. Extreme dryness of the air, or, on the other hand, ex- 
treme humidity, hinders repair by cork. 2. B}'^ callus. This is 
best studied in leaves and in •' cuttings." When a young, juicy 
leaf is wounded by an incision, some of the cells at the exposed 
surface ma}^ give rise to elongated sac-like bodies, which fill up 
the greater part of the injured cavity, and, according to Frank,* 
serve as a new epidermis. Or small cells in close apposition 
may be at once formed, and completely protect the tissue below. 
In ' ' cuttings " the callus immediately forms a swelling near the 
wound. A portion of the callus may by continued cell-division 
extend over the cut end, ever3'where bounded on its exposed 
surface by a cork layer. Activity of the cells in the callus and 
around the fibro-vascular bundles soon gives rise to new parts, 
for instance, roots. 

422. It often happens under favorable conditions that a large 
mass* of tissue is gradually formed around, and finally over, a 
large injured surface. 

1 Zersetzimgserscheinungen des Holzes, Berlin, 1878. (Quoted by Frank) 

2 Die Pflanzenkrankheiten, 1879. 

' Usually when a branch dies it remains attached for a while to the stem ; 
and no wound is in fact caused until the slow desiccation of the deeper tissues 
has gone on to a considerable extent, and without exposure to atmospheric 
air or outside moisture. When the branch at last falls oflf, the tissues around 
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423. LenticelB are peculiar breaks Id the continuity of the 
periderm of dicotyledons. In some cases tliey can be detected 
under minute elevations of the epidei-mis of the first year, which 
split open either at the cud of that season or during the next, 
forming a rift running lengthwise of the stem. Through this cleft 



underlying tissues appear, protruding in an irregular 
the whole structure constituting a lenticel. According to Stahl,' 
there ai-e two types of lenticels : 1. Those with loose cells in the 
rift, alternating with denser lines of cells. This is the most 
common type, good examples being afforded by Alnus, Frunus, 
^sculus, etc. 2, Those with closely united cells and with no 
alternating denser lines. Iltustrations can be found in Sam- 
bucus (see Fig. 118), Salix, Cornus, etc. The same authority 
states that in winter both of these kinds form an impervious 
peridenn-Iike layer. It appears from Stahl's examination that 
in their complete and open state they aid in the exchange of 
gases between the interior and exterior of the stem. Klebahn' 

its base are in a healthy condition, while the internal ghaft of wood is dry, and 
not liable to undergo rapid decay. The formation of a separatiTe maas over 
the wood can therefore go on to completion. 

1 Bot Zeit., 1S73. Compare Haberlandt : Sitz. d. k. Akad. Wien, Band 
liiii. Ahth. i., 1875. 

> Berichte der deutschen botanibchen Gesellschatt, 18S3, p. 119. 

Pia. 118. Section throngh a lenticel In tha periilerm of SamboeuB nigra; *, perl- 
derm; r, primary cortex; v, merlatem, above which are thecelli theren^nu prodnced; 
fr,llber. cataU.) 
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has lately shown that even in stems with the peridenn free from 
lenticels, provision for exchange of gases \a secured by certain 
intercellular spaces at or near the points where the medullary 
rays come to the periphery of the stem. 

424. Graftliig. If the cambium tissue of a young shoot is 
retained for a time in close apposition with that of a nearlj- 
related plant, union of the two parts ma}' take place, and the 
wound may heal by the natural process before described. Suc- 
cess in this operation depends upon selection of suitable stock 
and scion, choice of the proper season, freshness of the cut sur- 
faces, and, generall3% exclusion of air from the wound. The 
methods of bringing the surfaces of the stock and scion together 
in this operation of grafting are innumerable, but for the pres- 
ent purpose may be referred to two principal types : (1) that in 
which the scion, wholly separated from the plant on which it 
grew as a branch, is placed in some sort of a cleft of the plant 
which is thencefoi*th to furnish it with nourishment ; (2) that in 
which the scion is still retained in its connection with the parent 
plant, but is bent over and a freshly cut surface kept in contact 
with a cut surface of another plant, until the scion has fairly 
become attached by organic union. When this is accomplished, 
it is cut off from the parent plant. This type of grafting, in its 
many varieties, is known as '^ approach grafting." It takes place 
in nature, as shown in the following paragraph. 

425. Two branches of one plant may become united when, 
after removal of a section of bark from each, the two denuded 
surfaces are kept in apposition for a time. Such unions of axial 
organs are not rare. Occasionally they may take place between 
two shoots at a point near the root, so that the trunk will ulti- 
mately consist of a single deeply grooved stem. The union may 
be between two plants of the same species, or even between 
plants of different species. The attrition of two branches which 
have grown against one another may suflSce to wear off the bark 
on both down to the cambium, and then, if their exposed surfaces 
are held together for a while, union will follow. Such natural 
grafts are met with frequently at the borders of forests. 

426. In the kindred operation of budding, a bud with a little 
of the tissue behind it is placed in a cleft in the bark of the 
stock, so that the cambium layer of the two may come into close 
contact. 

427. The stem may be invaded by parasitic roots at any part, 
and its subsequent development seriouslj'^ affected thereby. Such 
invasions often give rise to swellings, distortions, etc., by which 
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the structure of the stem becomes much disguised. In the case 
of parasites like Phoradendron, which live for several years, a 
vertical section through the stem of the host-plant shows how 
complete the union is between the host and parasite. The junc- 
tion has been well compared to that which takes place between 
a scion and its stock, since the newer-formed tissues of both 
plants become perfectly united, and their subsequent growth 
goes on together. 

428. The relations of the root to the stem are not complicated, 
except as regards the bundles at the '* crown" of the root, or the 
point where it meets the stem. When the primary structure of 
dicotyledons in which the liber of the root is arranged in one 
way and that of the stem in another, as shown in Figs. 92 and 
112, pages 111 and 137, is followed by the formation of a true 
cambium ring, the subsequent growth of root and stem is alike. 
Yearlj'' additions are made in the root in the same way as in the 
stem; but owing to the unequal resistance exerted by the soil, 
such increments are often very irregular. 

Roots may be produced at any part of a stem where adequate 
moisture and warmth are furnished ; but they strike off chiefly 
at nodes, and, in the case of cuttings, also at the seat of injury 
where the callus is formed. Such secondary roots form on stems 
in much the same manner as root-branches do upon roots. 

429. Bndimentary and transformed branches present few ana- 
tomical difficulties. In the structure of a branch tendril, or 
runner, it is generally easy to recognize the degree of reduction 
which the normal fibro-vascular system has undergone. In the 
case of underground stems and branches there are often puzzling 
anomalies, but they can mostly be explained by the following 
facts brought out by Costantin,^ who has made a special study 
of a large number of rhizomes : 1 . The epidermis, if present, 
is modified by becoming cutinized first on its outer walls, where 
it may acquire considerable thickness, and later on its lateral and 
internal walls. 2. The cortex increases either by enlargement 
of its cells or by their multiplication, the coUenchyma diminish- 
ing or completely disappearing. 3. A cork-laj'er is sometimes 
produced at an early period, from different points in the epi- 
dermis, in the cortical parenchyma, in the endodermis, in the 
peripheral layer of the bundles, or, lastly, in the liber. This 
replaces to a great extent the fibrous layer which is so com- 
mon in aerial, but never much developed in underground stems. 

^ Ann. des Sc. nat., s^r 6, tome xvi., 1883, p. 164. 
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4. The cortex is developed largelj' at the expense of the pith. 

5. There is only slight lignifieation of the elements. 6. There is 
a great accumulation of reserve materials. 

430. The relations of a branch to the main axis of the stem 
seldom present any histological difficulties, the tissues of the 
former being continuous with those of the latter. When a 
branch breaks off close to the stem, and the portion remaining 
becomes buried by stem-tissues which are subsequently produced, 
a knot is formed. 

431. Stems of yasciilar cryptogams.^ The following outline 
indicates the principal points of difference between the stems of 
Phffinogams and those of Ferns, Equisetacese, and their allies. 

I. In vascular cryptogams the fibro-vascular bundles are 
closed and as a rule are concentric. 1. In Equisetum they are 
slender and are arranged in a circle. From the median line of 
each tooth of the " sheath" (see Gray's Manual) a fascicle de- . 
scends perpendicularly through one internode and divides at the 
one below into two branches, which unite with the lateral ones 
next to them. 2. In Osmundacese the arrangement of the con- 
stituent parts of the central cylinder is not unlike that in certain 
Coniferse. 3. L3'copodiacese have the bundles largely dependent 
upon the arrangement of the leaves, but the axial cylinder is 
essentially cauline. 4. Ferns proper may have (a) an axial cylin- 
der, or (b) several concentrically curved bundles. In either case 
there may also be isolated and rather slender bundles. In both 
cases above mentioned the bundles coalesce to form a verv com- 
plicated network, which apparently is not dependent for its char- 
acter upon the distribution of the leaves upon the stem. 

II. In vascular cr3'ptogams the parenchyma in cei'tain places 
may become largely sclerotic, forming dense and often brown 
masses, the constituent cells of which are sometimes considerably 
elongated. 

III. The epidermis in Equisetaceee is strongly silicified. The 
stomata in these plants are in the grooves ; their development is 
peculiar in that from one epidermal cell four guardian cells are 
formed in one plane ; but soon the two outer cells grow more 
rapidly and crowd down the two inner ones, so that the latter 
afterwards become distinctly below them. The epidermal cells 
of Ferns frequently contain chlorophyll granules. 

432. Stems of mosses. Here no true fibro-vascular bundles 
are met with, but elongated cells fill their place, forming what 

^ De Bary : Yergleichende Anatomic, p. 289 et acq. 
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has been termed a fascicle. Comparison of these threads — if 
such they can indeed be called — with the rudimentary fibro- 
vascular bundles of some water-plants suggests that the former 
are bundles of the simplest possible kind. 

The parenchyma cells are bounded in true mosses by smaller, 
thicker-walled cells, which do not contain chlorophyll. 

THE LEAF. 

433. It was shown in 322 that roots are formed under the 
superficial tissues of the stem, and have these outer layers, or 
derivatives from them, as coverings during at least a portion 
of their growth. But leaves are never thus covered by layers of 
stem-tissue ; hence they are termed exogenous productions, 
while the term endogenous is applied to the manner in which 
roots are formed. 

434. Deyelopment. In the earliest stage of its development 
the leaf is a mere papilla consisting of nascent cortex (periblem) 
and nascent epidermis (dermatogen). As soon as the papilla 
elongates, or becomes flattened, some of its interior cells, making 
up procambium tissue (see 315), differentiate into fibro- vascular 
bundles. But the procambium of the nascent leaf and that of 
the cone of soft tissue constituting the growing-point of the 
stem are in unbroken connection with each other ; in like man- 
ner the bundles which are derived therefrom are continuous, and 
it is not possible to detect any line of demarcation between them. 
In fact, the newly formed bundles in a j'oung leaf appear as if 
4;hey are merely the slender prolongations and terminations of 
those in the young stem.^ 

435. With the transverse and longitudinal enlargement of the 
nascent leaf there is generally more or less curvature, so that 
the outer, lower, and earlier leaves infold the upper leaves and 
the growing-point of the cone. In most cases, some of the 
lower leaves which thus envelop the growing-point become modi- 
fied to form protecting scales ; such is the ordinary structure of 
buds (see " Structural Botany," page 42, fig. 83). 



^ It should be remembered, however, that some of the bundles in the stem 
(see 365) may be derived from procambium peculiar to the stem, and which 
does not extend into the leaf. Henge it is necessary to distinguish between 
stem-bundles, common bundles, and leaf-traces. The former belong to the 
stem alone; the common bundles are common to stem and leaf; the leaf- traces 
are leaf-bundles which are in the stem and which at some point unite with 
other bundles of the same kind to form common bundles. 
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436. The growth of the youDg leaf is plainly termiaal at first, 
— that is, new cells are added Just in front of the older ones; bul 
it soon becomes intercalary as well, new ceils being introduced 
between those previously existing. According to the seat of 
activity, this growth may be basipetal (the zone of growth being 
near the base of the leaf-blade) or basif^gal (the zone nearer 
the apex of the leaf). In most cases the base of tJie leaf-blade 
and the stipules early attain a good degree of development, after 
which the petiole appears. 

For the purpose of noting the peculiar mode in which the leaf- 
blade expands, the simple device su^e&ted by Hales ' is pertiaps 
as good as any. Through a piece of stiff pasteboard sharp pins 
are thrust, and fastened at equal distances fh>m each other ; for 
instance, so as to form little squares of J inch side. By this sim- 
ple instrument a young leaf is pierced through with holes at equal 
distances ; then if the leaf' elon- 
gates more tlian it widens in the 
space thus covered, the holes will 
separate in the direction of the 
length of the leaf more than in Uiat 
of its width. The injury done to 
the leaf by these small perforations 
does not appear to check or other- 
wise much modify its growth. 

437. Fibro-TOBenlar bandies. 
The distribution of fib ro- vascular 
bundles in leaves has been con- 
sidered in Vol, I,, under "Vena- 
tion." The two principal types of 
distribution of the bundles, tliere 
spoken of aa "veins "or "nerves," 
were shown to be (1) parallel, 
(2) reticulated. ParaMel venation 
(see Fig. 119) is characterized by 
having large " veins " or " nerves" 
running free through the leaf (Ihat 
is, not connecting with each other), 
or without any obvious anastomo- 
sis ; while in reticulated venation 
the veins form a more or less com- 
plicated network. 

' Statical Eflsfiys, vol. i., 1731, p. 344. 
Fio.110. VenatKjiiortbelearorCoDTallarlalntJMla. <Et(i 
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438. Parallel venation 19 of two 
principal kiDds : (1) that in which 
large nerves run in long curves 
from the base to the apex of tbe 
leaf; (2) that in which smaller 
nerves run generally at right an- 
gles from a main nerve (or midrib) 
to the edges of the leaf. In both 
these kinds of parallel venation 
the veins are more or less con- 
nected by means of inconspicuous 
cross-veinlets and by the anasto- 
mosing extremities, but some of 
the veins may be free. 

439. Reticulated venation is 
likewise of two principal kinds : 

(1) palmate (Fig. 120). in which 
relatively lai^e veins diverge from 
each other at the base of the leaf; 

(2) pinnate (Fig. 121), in which 
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side veins strike off through the whole length of a strong midrib. 
In both these eases the veins divide and sabdivide and have 
numerous cross-connections both large and small, until the ulti- 
mate ramifications are in great part free, 

440. Thus it appears that in both t^pes there is abundant 
communication between the veins of leaves ; but in some cases, 
especially in rudimentary and submerged leaves, in the leaves of 
Coniferae, etc. , the veins are verj' generally free, and few if any 
cross-veinlets are met with. 

441. The fibro- vascular bundles of leaves are essential!}' like 
those of stems (see 365), and need no spegial description here. 
Their extremities are for the most part tracheids, often arranged 
in double rows, but their diversities of structure and arrange- 
ment are innumerable. One of the more striking special cases of 
these has been already shown in the illustration of a vf ater-pore 
(v, Fig. 55) ; others will be considered later (see " Insectivorous 
Plants "). The tracheids which terminate the final ramifications 
of the veins in leaves are in close contact with parenchj^ma cells. 

442. According to Casimir De Candolle, the leaf may be re- 
garded histologicall}' as a branch with its upper, that is its 
posterior, side atrophied.^ 

443. The stipules have the same arrangement of elements in 
their fibro-vascular bundles as the blade, — that is, liber below 
(outside), wood above (inside). But in ligules (organs which are 
formed by radial deduplication) the arrangement is just the 
reverse of this, — the liber is above, the wood below. 

444. Parenchyma. The forms of the parenchj'ma cells which 
constitute the pulp of leaves are: (1) spherical or nearly so; 
(2) ellipsoidal, sometimes much elongated ; (3) branched, some- 
times stellate. Examples of these three are often met with in 
the structure of a single leaf; the upper layers generally being 
composed of ellipsoidal cells, the lower layers of more nearly 
spherical ones, intermingled with some wliich are branched. 

445. The arrangement of the parenchj^ma of the leaf-blade 
is referred h^ de Bary^ to two chief tj'pes : (1) the centric^ in 
which the chlorophj^ll parenchyma is uniformly disposed through- 
out the whole organ ; (2) the bifacial^ in which there is a de- 
cided difference between the compact tissue of the upper and the 
spongy tissue of the lower side of the leaf. 



^ Archives des sciences de la Biblioth^ue universelle, 1868, tome xzxii. 
p. 82, *'un rarneau k face posterieure atrophiee." 
2 Vergleichende Anatomie, p. 423. 



J 
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446. The centric arraDgement has two modifications : (1) that 
in which the whole pulp is composed of chlorophyll pBrenchyma, 
but towards its mid- 
dle plane has larger 
cells with less chlo- ' 
rophyll, and some- 
times has conspicu- 
ous lacunee (many 
grasses, Yucca fila- 
meutosa, CiassuUt 
etc.) ; (2) that in 
which it is composed 
of layers which are 
uniformly distrib- 
uted above and be- 
low a middle layer isa 
of coloriess cells free 

from chlorophyll, but, in succulents, very rich in sap (Aloe, 
Mese mbr yanthemuiD, 
etc.). In both the 
foregoing modifica- 
tions the upper layer 
of the parenchyma 
may be composed of 
somewhat longer cells 
than those below, and 
to them can be applied 
the term more gener- 
ally given to those in 
the next type, namely, 
paliaade-cells . 

447. The bifacial 

arrangement has the 

denser tissue in that 

,23 part of the leaf which 

is exposed to the 

%ht This usually consists of several layers of palisade paren- 

Pio, YO. Lett of PtnoB Lariclo. Cnwa-iecttiin of a put of tbs lur, shoiiliiE the 
Btamsta, hnKldeiiiia, and parencbyluB. Tbe Ibliled walls of tha parenchyma-cslls (sae 
a») are plainly Bhown In the cells hslair tha lasln-pawage (H<7), irheia thej have beea 
eiu)j[led of their contenU. (Kny.) 

Via. 123. Tran>ver«e eecUon of aleaf of Hex Aqnlfolium.ihowlng BiTBn[eiuent of 
lAio parenchyina : pp. palisade parancliyma; pc, spongy parenchTma; A, bypoderma; 
la, flbro-viBcalar bundle. Stomata ara Ibtmd only apon the loT«r sui&ca of tha laaf. 
(Areachong.) 



160 MIMUTB STRUCTUBE OF THB LBAF. 

ch jma ; bat the aggregate thickness of these may not be so 
great as that of the spongy parenchyma on the other side of 
the leaf (see 205). 

448. In some pUmts the palisade parenchyma is fonnd almost 
as abundantly in the under as in the upper portions of the 
leaves. Bessey ^ has shown that this is the case in the leaf of the 
Compass plant (Silphium laciniatum) : ^^ Its chlorophyll- bearing 
parenchyma is almost entirely arranged as palisade tissue, so 
that the upper and lower portions are almost exactly identic^] 
in structure." Another plant possessing substantially the same 
leaf-structure is Lactuca Scariola. When its leaves are grown in 
the light, they take a vertical position (and generally stand north 
and south) ; but if grown in the shade, they are horizontal. 
The leaves which are developed in the light have palisade paren- 
chyma on both the upper and under portions ; ^ but those which 
are developed in the shade have ordinary' parenchyma above 
and more or less stellate parenchyma below. 

449. According to Stahl,* exposure of a leaf to light or shade 
during development has very much to do — in the plants thus 
far examined — with the form and arrangement of its paren- 
ch37na. The leaves of the common beech afford good material 
for the study of the subject. In some cases, at least, those 
which are grown in the deep shade of a grove are different in 
texture from those which are formed in bright sunlight. 

450. The parenchyma of the petiole is generally much like 
that of the stem to which it is attached ; layers or lines of thin- 
walled coUenchyma sometimes extending without interruption 
from the stem into the petiole. In the petioles of Cycads scle- 
rotic elements like those of the stem are often abundant, and are 
continuous with them/ 

451. In some leaves which have the power of movement the 
petiole is much enlarged at its base, forming what is known as 
the pulvinus. The parenchyma of this structure is sometimes 
peculiar in being thick-walled on the upper side of the petiole 
and thin-walled on the under. Other peculiarities will be de- 
scribed under " Movements." 



1 See also American Naturalist, 1877. 

2 Pick : Botanisches Centralblatt, 1882, vol. xi. p. 441. 

» Stahl : Ueber den Einfluss des sonnigen oder schattigen Standortes m 
die Ausbildung der Laubbliitter, Jena, 1883. 

Haberlandt, on the other hand, does not think the effect of light in con- 
trolling the character of leaf-structure is well marked. 

* Kraus : Pringsheim's Jahrb., 1865, voL iv. p. 305. 
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452. The epidermis of tlie leaf is continuous with that of the 
stem. Its principal features have been described in Chapter II., 
and only the following need now be recalled. 1. It may be 
simple, that is, composed of one layer of cells ; or multiple, -~ 
of more tiian one. 2. Immediately below it may be found in 
some cases one or more layers of 

cells known as the hypoderma. 
3. The epidermal cells are in un- 
broken contact with each other 
except at (1) rifts, (2) water-pores, 
(3) Btomata. 4. Their surfaces 
may exhibit nearly every form of 
trichome. 

453. Glands secreting nectar 
are found on different portions of 
the leaves of various plants ; for 
example, at the junction of the 
petiole with the blade (Poplar), 
at the base of the petiole (Cassia 
occidentalis), on the lower side of 
the midrib of the leaf (cotton- 
plant), or scattered over the lamina 
(turban squash). Such glands are 

particularly noticeable in insec- ^^t 

tivorous plants, as Sarracenia and 

Nepenthes (see Part II.), On making a section of one of the 
nectar-glands found on a young poplar leaf, the epidermis will 
be seen to be transformed into a double layer of thin-walled, 
elongated cells forming the secreting surface, which is chained, 
blether with the parenchyma lying below it, with a sj-rup de- 
rived from the transformation of st^h. At times the secretion 
fh>ra a gland is so abundant that drops of considerable size 
collect upon the surface of the leaf, and if rapid evaporation 
takes place, crystals of sugar are deposited at the gland.* 

454. The leaves of submci^cd phecnogams, for example those 
of Potamc^ton and MyriophylUim, possess no true epidermis ; 
the parenchyma is therefore in direct contact with the surround- 



' Trelease : Nectar nnd its Csea, in Keport on Cotton Insects (United States 
Department of Agricnltare, 1S79), and Nectar-Glands of Populus, Botanical 
Gazette, voL ri. p. 284. 
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ing water. On the external surface its thin-walled cells are in 
close contact (there being nothing answering to stomata) ; but 
in the interior of the leaf there are often lacunsB filled with air. 
These were thought b}' Brongniart to be essentially the same as 
those cavities found in the parenchyma of many marsh plants. 

The veins of submerged leaves have no true ducts ; the elon- 
gated fascicles generally consisting merely' of rows of elongated 
cells.* 

455. Roots maj' be produced from leaves in much the same 
wa}' as they are from stems ; that is, some of the cells at the 
liber ma}' divide in such a manner as to form a protuberance 
which pushes before it a part of the endodermis. As the root 
thus formed emerges, the tissues are speedily produced, the wood 
being continuous with the wood of the leaf, the liber with its 
liber. Roots ma}"^ arise naturally in some leaves b}- simply plac- 
ing them in contact with moist earth, or the}' may be produced 
artificially by mutilation of the petiole or lamina. Bryophyllom 
calycinum affords a good example of the former; Begonia, 
Peperomia, etc., of the latter mode of origin. 

456. Buds may form spontaneously on the margin of leaves, 
especially those in contact with a moist surface, or they maj 
gi'ow from the cells under th^ scar where a mutilated leaf has 
healed. 

457. In some of these cases only the epidermal cells take 
part in producing the meristem from which the bud is developed ; 
in others the parenchyma just below the epidermis also divides, 
or the cells under the scar may produce all the axial tissue ele- 
ments. Begonia is an example of the first method of production, 
Bryophyllum of the second, Peperomia of the third. 

It is interesting to obser\'e that in all these cases the bud forms 
without the intervention of the fibro-vascular bundles of the leaf. 
The newly formed axis has fibro-vascular bundles, which may 
anastomose with those pre-existent in the leaf, but usually they 
are entirely distinct. The axis is, however, provided with its 
own root-system, and after a time it becomes severed by a plane 
of cork from the leaf which produced it. 

458. Fall of the leaf. In deciduous plants the leaf separates 
from the stem or twig by the formation of a plane of cells 
cutting sharply through the petiole at or very near its base. 
The dividing plane may be partially formed early in the growing 

1 Brongniart : Ann. des Sc. nat., tome xxi., 1880, p. 442. 

2 Called by Mohl the separative layer (Botanische Zeitung, 1860, p. !)• 
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season, but generally it is not far advanced in development until 
near the end of summer. The leaflets of the larger compound 
leaves — for instance, those of Ailanthus, Gymnocladus, Ju- 
glans, etc. — afford excellent material for examining the process 
of defoliation. Strong leaves of an}'^ of the plants mentioned 
are to be kept between damp (not wet) paper in a warm place 
for a number of hours, when the formation of the dividing plane 
can be observ'ed. The plane is so far completed by the end of 
the second or third day that the leaflets fall with the slightest 
touch. 

459. The strong leaves of horse-chestnut are employed by 
Strasburger as material for demonstrating the process of defolia- 
tion. He says that alcoholic material answers very well for the 
purpose, but that it happens occasionally that the distinctive 
brown color of the cells adjoining the cutting plane is nearly or 
quite lost. The petiole is to be cut through in its median line, 
and then several very thin longitudinal sections parallel to this 
are to be carefully made and placed at once in water. In a good 
preparation the cells making up the cutting plane should be 
clearly seen extending from the epidermis of the petiole to the 
fibro-vascular bundles. If the leaf was taken at just the right 
time, the preparation should show also that the cutting plane 
has invaded even the tissue of the fibro-vascular bundles. The 
plane consists of one to several layers of cells, some of which 
are plainly cutinized ; thus, as a rule, the place of separation is a 
scar healed before the leaf falls. 

It happens frequently that changes take place at the middle 
portion of the cutting plane, by which its layers near the leaf 
are forcibly separated from those nearer the stem ; in such cases 
the leaf falls because it is forced off".^ 

460. The excision of the leaf usually takes place at the base 
of the petiole, so that the siirface of the scar is even with the 

1 "The provision for the separation being once complete, it requires Httle 
to effect it ; a desiccation of one side of the leaf-stalk, by causing an effort of 
torsion, will readily break through the small remains of the fibro-vascular bun- 
dles ; or the increased size of the coming leaf-bud will snap them ; or, if these 
causes are not in operation, a gust of wind, a heavy shower, or even the 
simple weight of the lamina, will be enough to disrupt the small connections 
and send the suicidal member to its grave. Such is the history of the fall of 
the' leaf. We have found that it is not an accidental occurrence, arising simply 
from the vicissitudes of temperature and the like, but a regular and vital pro- 
cess, which commences with the first formation of the organ, and is completed 
only when that is no longer useful" (Dr. Inman, in Henfrey's BotanictQ 
Gazette, vol. i. p. 61). 
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surface of the stem ; bat it may occor a little higher up, so 1 
some of the petiole remaine attached to the stem ' (Rul 
Oxalis, etc.). 

461. Evei^reen leaves are those which remain upon the bi 
without much apparent change during at least one period 
suspeosion of vegetation. The leaves of some evei^eens ] 
sist through only one year, falling off as booq as those of 
succeeding year have fully expanded. It is not unusual in wi 
temperate climates to have trees and shrubs wtiich are normi 
deciduous in colder regions retain their leaves until new o 
are produced. 

Pines and spruces lose some of their oldest leaves every yi 
but new ones are as regularly formed. Their branches are ne 
completely defoliated, but may bear at one time the leaves wt 
have been formed during several years. 

462. The colors assumed by leaves before they fall can 
lietter examined after the subject of the pigment of chloroph 
granules has been treated in Part II. 

463. The fronds of ferns and the leaves of their allies pres 
few peculiarities, and do not need to be here examined. 1 
formation in ferns of the eori, or spore-dots, the sporangia, 
spore-cases, and the spores themselves falls properly within 
province of Volume III. 

464. The leaves of mosses are characterized by great si 
plieity of structure. For their study any of the species of Po 
trichum, or Hair-cap Moss, will answer. In these there is 
true fibro-vascular bundle ; a series of somewtiat elongated a 
rather firm cells, known as the conducting thread, takes its pla 
Upon this conducting thread the parenchyma cells are distribul 
more or less regularly, on one side forming slender elevatic 
four or five cells in height. The cells contiun chlorophyll, a 
generally much starch.* 

465. In the thallophytes there is no clear distinction of h 
and axis ; the tissue consiata throughout of parenchyma more 
less modified. In some algse there is often a lateral parting 
the frond into segments resembling leaves ; but as tiiey are r 
leaves morpholc^cally, they need no further consideration her 

' For full and interesting accoonts of the changea whieb cause the fal 
tbe leaf, Bee Uohl's paper in Botan. Zeitung, 18S0, p. 1, and also VanTiegb 
and Guignard iu Bull. Soc. bot. de France, 1882. 

* In Strasburger's Botanische Practicum, p. 304, the student will fin 
full and interesting accoont of the atnioture ot the leaves of Poljtriohuni i 
Mninm. 
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In the examination of the tissues of the organs of vegetation 
the student is referred to the following works : — 

De Bary. Vergleichende Anatomie (Leipzig, 1877). An octavo volume 
of about 660 pages, of which an excellent English translation is newly pub- 
lished under the title, " Comparative Anatomy of the Vegetative Organs of 
Phanerogams and Ferns," by A. De Bary. Translated by F. 0. Bower and 
D. H. Scott, 1884. This exhaustive treatise gives all needful references to 
the Uterature of the subject up to 1876. 

MoHL. Vermischte Schriften. This is a collection of Hugo von Mohl's 
most important works, which have appeared from time to time in various 
journals. 

Strasburoer. Das botanische Practicum (Jena, 1884). This work, of 
which an EngUsh translation is promised, is of very great use both to beginners 
and advanced students of Histology. The directions for procuring, preserving, 
and using material are explicit,, and for the most part are conveniently ar- 
ranged. The volume, of more than 600 pages, is divided into separate studies, 
such as the structure of the bast and wood of the pine, the anatomy of a few 
common leaves, etc. 

Oliver. Bibliography of the Stems of Dicotyledons (Natural History Re- 
view, 1862 and 1863). A citation of the more important works on the stems 
of different dicotyledons, arranged according to the natural families. 

For a treatment of the anatomy of the organs of aquatics and parasites, the 
fully illustrated work of Chatin may be consulted. 

Those curious to examine the diverse and now mostly abandoned views 
regarding the growth and structure of the stem, will find much of interest in 
the works of Du Petit Thouars and of Gaudichaud. An account of these and 
other views will be found in Schleiden's " Principles of Botany" (1849). 



MmtTTE STEtTCTUBE AND DEVI 
FLOWEB, FRUIT, AMI 

THE FLOWER 

46G. In Volume I. Chapter VI., it 
flower is to be regarded as a modified 
internodea and with the foliar expansioD 
those of ordinary leaves. In the outer 
parts have frequently tlie texture and cc 
the other circlca of the flower they are 
Notwithstanding their disguises, the par 
tifiable as leafy structures arranged upoi 
ful examination of flower-buda the hon 
parts aod those of a leaf-bud becomes e 
earliest state it is impossible to discrim' 
kinds of buds. Each has a rounded 
apon which are disposed at definite poii 
to develop into fohar oi^ns. In oaf 
green leaves; in the other, the parts < 

467. Two features in the developn 
special attention ; namely, the sequence 
produced, and the order in which the hii 
their appearance. But it is not well in 
take the examination of the developmen 
of the tissues which compose them, unt 
himself familiar with the characters of 1 

468. Undeveloped racemes aflbrd th 
study of the developing organs of the fl 
possible to find in a single young cluster 
stages of development. There are tw< 
paring the material for the compound mi 
raceme, first decolorized by absolute al 
by glycerin, is to be dissected under a si 
rate flowers are to be bleached with sodic 
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very tip of the raceme is to be cut squarely across and placed 
with ft drop of water under a cover-glass, when some of tlie young- 
est flowers can be seen either standing vertically or slightly in- 
clined. The air can be drawn 
oiit fi'otn the specimen by 
placing the slide for a min- 
ute under the air-pump ; the 
outlines of the floral organs 
will then be distinct. 

469. A still better method 
is to make tolerably thick 
vertical sections of separate 
flowers, one of which in 
each flower must be through 
the median line ; and then, ^^ 

arranging the aectiona' in 

their proper sequence, clear them for examination either by the 
use of potasaic hydrate (as directed in 24), or by the following 
method, recommended by Stras- 
•* - butger as applicable to many cases 

of thick masses of soft tissues: 
Treat the part first with absolute 
alcohol for a day or two, and then 
place it in concentrated carbolic 
acid, after which it becomes clear. 
For the carbolic acid either of the 
128 following' may be substituted, — 

(1) three parts of oil of turpen- 
tine and one part of creosote, or (2) equal parts of alcohol and 
creosote. 

By any one of these methods it is generally possible to obtain 
preparations of sufficient clearness to exhibit in optical section 
alt the internal tissues. 



' Pfeffer adviaes that the joung flowers should flrat be tinged with amlin 
blae, aod then inibtdded in a strong solution of gum-arabic (to which a little 
glycerin has been added to prevent brittleuess of the mass on drying). Then, 
when the gum is dry, sections can be easily cut in any direction. 

Flo. 12IS. Ljrimochla qnadrifoUa. Flower seen fVom tlis side, and BomsKliaC ab- 
Ilqudf, tlie cal;x being lemoved. At tlili period the parts of tlie corolla linve not 
Goatesced: «p, place wbere theexdsedsepals were; p, petal; «t, stamen. {PfeObT.) 

Fia. 126. Lyelmschla quaJrirolla. Thin longlCudlnal section through the meilian 
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470. The fully grown flower 
charaoterized : Calyx bvpog)'ii 
valvate or verj' slightly imbrica 
nous, wheel-shaped, and deepb 
its lobes convolute in the bud ; 
corolla ; lobes of the corolla lo 
lobes of the calyx ; stamens of 
the base, inscited opposite the 
anthers barely oblong ; ovary o 
divided style and Btigma, and 
central placenta. 



Fig. 126 shows the appearanc 



Fio. 127. LjBlmacbSa qaadrlfalia. A 1 
what more adinnced tfaon In Fig. 1S6; the l< 

Fra. 128. LyBlmacliia quadri folia. Lang 
l» conaiderablj advanced before tlie appe 
wbera the petals will appear. (Ffeffer.) 

FiQ. 129. LysimacLla quBdrifolla. Alo] 
■II the organs are well developed, and even 
lobes we to coalescebave begun to grow: sp 
S, ovary; c, placenta; sp. «, and JJ. u, tho tiss 
rospeotlvoly. (Pfoffar.) 
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in a single longitudinal section. Comparison of these figures 
gives a clear idea of the sequence in which the organs make 
their appearance ; namely, in acropetal succession, — that is, 
the younger or newer are always nearest the extremity. 

471. According to Payer, the sepals always precede the petals, 
the petals the stamens, and the stamens the pistils, in time of 
appearance. But in a few cases, of which Lysimachia is one, 
it may happen that a given circle of organs is somewhat de- 
la3^ed in forming; for instance, in the figures the stamens are 
seen as considerable protuberances before the petals are clearly 
outlined. This fact has been considered by some to indicate 
that the corolla in such cases consists of an intercalated whorl 
between two other whorls already somewhat developed. But a 
careful examination of Lysimachia and most other cases shows 




,-:6 



rather that the petals or the corolla-lobes are laid down in their 
proper sequence, but that they are temporarily outstripped by 
the sepals and the stamens. 

The appearance of the forming flower when seen in vertical 
section is shown in Fig. 130, and a perspective view is given 
in Fig. 125, exhibiting the late-appearing petals and the much 
larger stamens. 

472. Since the several organs of the flower are modified 
leaves symmetrically arranged on an axis, the histological con- 
stituents of a leafy branch will be found in the flower, albeit 
much modified in some of their characters. These constituents 
are, (1) a framework of fibro-vascular tissue, upon which is 
extended (2) parenchyma, covered by (3) epidermis. 

Fig. 130. Lysimachia quadrifolia. Longitudinal section through a flower in which 
the corolla is just appearing. The elevation on the right has been cut through exactly 
in the median line, while that on the left has been cut on its edge. Letters the same as 
in Fig. 129. (Pfeffer.) 
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47S. The fllnro-Taflcnlu' bnndles of the flower are esseo 
the same as the collateral bundles found in ordinary { 
leaves, e:£cept that their elemeDts are usually more delica 
texture, and in the inner whorls of oi^ans very much reduei 

474. The parench;aw calls for no special remark beyond 
sioQ to the fact that some one of the different kinds of int 
glands is frequently associated with it. 

475. The epidermis has stomata, — which are generally 
mentary, — and most of the forms of trichomes. One of the 
interesting peculiarities of structure presented by the par 
the flower is found in the papillar outgrowths alluded to in 
These are of course minute and short bairs, which, owii 
their abundance, impart a velvety appearance to the pal 
which they occur. This appearance is well shown by the p 
of a very large number of the flowers most common in cul 

476. The cuticle of the epidermal cells of the more del 
petals is sometimes very distinctly striated in an irregular > 
ner. The walls of the cells generally have a sinuous outline 

477. The colors of petals and other colored parts ol 
flower are dependent either on the presence of corpu 
(the colored plastids) or of matters dissolved in the cell 
The following account of the coloring-matters in the very 
mon Viola tricolor is condensed from Strasburger. 

A vertical section through a petal exhibits the epidermis o 
upper side as consisting of elongated papillie, while that ol 
lower aide has only slightly rounded ones. Just below the 
dermis of the upper side there is a layer of compact cells, u 
which are several rows of smaller cells with conspicuous i 
cellular spaces. The cells of the epidermis of both sides coi 
violet sap and yellow granules ; the layer of compact cells u 
the epidermis of the upper side contains only jellow gran 
The striking diversities in color presented by different parts 
given petal depend wholly upon combinations of these two 
ments of color ; namely, violet sap and yellow granules, 
some places which are devoid of either of these elements I 
are white spots ; at these places the light is refracted am 
fleeted by the intercellular spaces which contain air. If th 
is removed by pressure, the spots will become transparent. 

478. The cell-sap in the parts of the flower may have al 
any color, especially shades of red and blue ; from this saj 
coloring- matter sometimes crystallizes in the form of short 
slender needles ; for instance, in Delphinium Consolida. 
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479. Derelopment of tbe Btameus. The following outline may 
serve aa an introduction to the study of 

the development of the stameUs. At 
first, the stamen exists as a mass of 
homogeneous parenchyma ; later, a del- 
icate fascicle, continuous with one in the 
filament, becomes differentiated in one 
partofthestamen, theconnective. Four 
longitudinal ridges appear on the an- 
ther, which coincide with four lines of 
laige cells witlun. These cells give rise 
to the mother-cells of the pollen and to 
the very delicate pollen-sac' 

480. The motherKslls of the pollen 
have at first thin walls, but later these 
become iri'egularly thickened. In a 

large number of cases — many mono- jg^ 

cotyledons, and most if not all dicoty- 
ledons — the nucleus of a mother-cell divides into two nuclei, 
which themselves divide 
S J) at right angles to the 

plane of the first division, 
tlius producing four nuclei 
I forming a tetrahedron. 
Cell-walls are next formed, 
and four cells are pro- 
duced, which are called 
n the tetrad. After the 

mother-cells of the pollen 
have been changed into 
tetrads, the mass of pro- 
. toplasm in each of the 
cells of a tetrad becomes 
; Strasburger 
has shown, with a new 

) The cells which make ilp the layer forming tbe pollen-sac itre knoim, 
collectively, aa tbe AreJi^aporiwrn,. The epithelium which lines the polIen-Bac 
hoa been termed tbe Tapetuia. 

Fio. 131. OrchlB maculats. Apolleii'muslnpTOcessotenlar^inent.wlththo&ntber- 
wall on the ontsldB: ep. epidermis: 1, layer of cells nniler Itie epIdermlB remalnlne un- 
dlvidod ; 2' (md 3', layere arlBlni from divlBlon \ i\ the endotheeiura. The little mass 
cm. rarmed b; tlie mother-cells, U surrDunded by a Ihlchened nail. '\', (Oulgnard.) 

Fro. 132. ^, transverse section of a young anther oTMentha aquatlca; H, a fourth 
of this magnified ; C, section through a young anther of Symphytum nrlen'ale; D. n. 
fourth of Cbls Diagnlfled. The dotted lines In A and C show the part tnken for exonil- 
nfttkm. E, aecUon of a young anther of Ifinmnthemum vnlgare IWarmine.l 



1 



172 MINUTE STRUCTURE OP THE FLOWER. 

cell-wall, the proper cell-wall of the pollen-grains. This wall 
may be variously marked, sculptured, and cutieularized, giving 
rise to the characteristic forms and features of the grains as 
they are met with in the mature flower. In gymnosperms, the 
development of pollen-grains differs fix)m that described in some 
particulars which are interesting chiefly from their resemblance 
to what occurs in the higher crj^ptogams. 

481. The stigma is a surface formed of peculiar cells which 
secrete a viscid, saccharine matter, sliglitly acid in reaction. In 
some cases the walls of the stigmatic cells undergo the mucilagi- 
nous modification (Solanum, etc.). The wide differences which 
exist in the character of the cells of the stigma are illustrated by 
the following examples : (1) cells with no marked papillse, as in 
UmbellifersB ; (2) papillose, as in Salvia, Convolvulus, Spiraea ; 
(3) hairy, as in Hypericum, Geranium ; (4) with compound hairs, 
as in Reseda. In some of the above the cells are rather loosely 
aggregated, while in others the}' are much more compactly com- 
bined. Below the stigma the style often has collecting hairs, as 
in Compositae, Campanulacese, etc. (see Volume I. page 222). 

482. The style is a prolongation of the ovary, and shares with 
it its fascicular system. In the interior there is a slender thread 
of loose tissue made up of thin-walled cells containing consider- 
able food-material, starch or oil, etc. The cell-walls often pass 
into the mucilaginous condition. The style is sometimes tubular, 
and lined with the tissue just described. 

483. The simple ovary is a modified leaf-blade provided with 
epidermis, parenchyma, and a fascicular system. The epidermis 
of the outside of the ovary, and that which lines its cavitJ^ may 
have all the characters of ordinary epidermis ; stomata and h&iis 
may be present, the latter often being mere papillae, which upon 
the ripening of the ovar}' into the fruit become long hairs. 

484. In the interior of the ovary there is frequently a pecul- 
iar modification, either of the epidermis itself or of the sub- 
jacent parenchyma as well. In such cases very loose tissue, 
sometimes appearing as if composed of felted hairs, lines the 
cavity of the ovary (or is found at some one portion of it). The 
walls of this tissue may undergo the mucilaginous modification 
either in whole or in part. Its cells contain a considerable 
amount of food-materials (oil and starch). This loose tissue, 
together with that of the same character found in the style, is 
known as conductive tissue, and serves as a path of least resist- 
ance for the penetrating pollen-tube (see Part II.). 

485. The distribution of the fibro-vascular bundles in ovaries 
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is of muvh intciest, and csd best be examined under the two 
heads of " Simple Pistils " and " Compound Pistils." 

4B6. Simple Pistils. The flbro-vascular bnndle consists of 
wood and liber running through the median line of the carpellaiy 
leaf, — that is, through the dorsal suture. Two branches are 
given off by this bundle not far from the base of the leaf, near 
its two united margins, — that is, at the ventral suture. * 

487. The folded carpellarj' leaf has incurved margins ; so that 
whatever the arraDgement of the wood and liber may be in the 
median line of the leaf, Uie reverse will be found at the mai^ns. 
Thus in each of the three carpels shown in Fig. 133 a, the fibro- 





vascular bundle running through the dorsal suture has liber on its 
outside (the unshaded portion) and wood on its inside (the dark 
portion). But in each of its branches at or near the ventral 
suture liber occurs on the inside (that is, nearest the centre of 
the flower) and wood on the outside, 

488. Compound Pistils. If several carpels unite to form a 
compound ovary, the same inversion of the ortler of the parts of 
the bundles (as shown in Fig. 133 a) will l>e seen when the 
bundles at the centre of such an ovary are compared with those 
at its peripherj- (see diagrams b to/, Fig. 133). 

FlO, 133. Transverse wcUdd of gnpeiior ovorlea, Bhowlng tbe arran^nient of the 
Sbro-vaacalnr bundlea of carpelg: a, Eranthle byvmalJB; b, Hjoclnthus orlentsllB; 
B, Tallpa Oeansrlaaa ; 4, ImpaUooB trlconilB ; e, Aoagallls urveiisls ; /, LycbulB dlolca. 
(Vaa-negbeiB.) 
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489. But if the ovaries, instead of being superior, as those in 
Fig. 133, are inferior, as those in Fig. 134, further complications 
ai'e caused. The fibro-vascular bundles of the several floral 
whorls united vith the pistil are distributed in circles in the 
parenchyma tissue of the ovary. Thus in Fig. 134 a, we find 
five such circles, corresponding to the calyx, corolla, stamens, 
and dorsal and ventral sutures of the carpel. The bundles in 
Fig. 134 a are arranged in radial lines from the centre outwai'ds ; 
the six bundles nearest the centre of the ovary are those of the 
ventral sutures, and have wood outside and liber inside ; in the 
next circle the three with reverse arrangement of elements are 
those of the dorsal sutures from which the bundles just spoken 
of branched. In Fig. 134 b, all the fibro-vascular bundles save 

those of the carpels 
are united to form a 
single circle, thus giv- 
ing rise to the three 
circles of bundles 
seen in the cross- 
section, and at the 
base of the ovary 
even these did not 
exist separate. In 
Fig. 134 c, the bun- 
dles of all the floral 
whorls are blended 
for a considerable 
height in the ovary ; 
finally, the bundles 
of the ventral sutures 
become separatea 
from the rest, which 
j3^ continue ■ united 

throughout, forming 
the laige bundles seen on the periphery of the ovary in Fig, 
134 c. The arrangement of the bundles in this flgui-e should be 
compared with that in Fig. 133. 

490. The structure of the peduncle and the pedicels is sub- 
stantially the same as that of the stem, and the stmcture of 




merli venlcolor. tbe rasclcleB of the whorls Indepetident; b, Oalantlme iiItbIIs, tb'e 
fasclules ao longer eo distinctly radial; c. Campanula Uedlum, tbe taadclet oT the 
whorla blended. (Van Tleghem.) 
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the bractH is much like that of the leaf; therefore these need not 
he specially considered here. 

491. Ovules are noiinally formed at definite pointa or lines 
upon the ovarian wall, which answer to the edges of the carpel- 
lary leaves. The f\iniculus aiises as a slight elevation produced 
by the multiplication of a cell or a group of cells under the 
epidermis ; in the centre of this elevation, and also under the 
epidermis, further development produces a spheroidal or cone- 
like mass, — the nucleus. Then, a little later, cells at the base 
of the nucleus begin to produce a cylinder (the inner integu- 
ment), and shoiliy after, a second one is formed below and 
outside this (the outer integument). Subsequent development 
carries the outer integument quite up and around the inner one, 
and the nucleus; leaving a small opening (the foramen). For 
peculiarities in the morpbol<^y of the ovule, and for cases in 
which one or both integuments may be wanting, see Volume I. , 
page 278. 

492. The funiculus has a collateral fibro-vascular bundle, 
having its median plane coincident with that of the ovule. The 



bundle is surrounded by parenchyma and epidermis. It is iVe- 
quently prolonged into the integuments, being there more or less 
branched. 

Fio. 135. Devolopment of Uie ovolB of ArtBtolochla ClematlOs. A, joaag otule In 
Tertlo»l»ecUoiii J, Himo,inora sdvancedj «, InternBl Integument fotmtngj C, a later 
ataga of ume; H, Internal IntegomBnt; W, extamal tniegument forming; D and S, 
later stagea of nucleui, lo be described In Part II. (Wanning.) 
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THE FRUIT. 

493. The fruit is the ripened pistil. But, as shown in Vol- 
ume I.; " it is a loose and multifarious term, applicable alike to 
a matured ovary, to a cluster of such ovaries, at least when 
somewhat coherent, to a ripened ovary with calyx and other 
floral pai*ts adnate to it, and even to a ripened inflorescence when 
the parts are consolidated or compacted." 

494. Histologically considered, fruits present few difl3culties, 
although the changes in form which a pistil undergoes as it ripens 
are not greater than the changes which it ma}' suffer in minate 
structure. These histological changes are referable to a few 
simple kinds : (1) a great development of sclerotic elements, seen 
in the harder dry-fruits and in the putamen of all stone-fruits ; 
(2) a large increase in the amount of soft-walled parenchyma, 
containing sap, as in the pulp of all fleshj' fruits ; (3) a consid- 
erable development of color, especiallj- in the superficial parts. 

495. Sections to exhibit the structure of the very hard parts 
of fruits are made most easily by carefuE}' grinding the parts 
on a fine oil-stone. First, a fragment of the hard shell of a nut 
or of the putamen of a drupe is obtained bj' means of any strong 
cutting instrument, and a flat surface parallel to the plane of 
the section desired made by a clean file. On a glass slide a 
drop of Canada balsam is placed, and heated until the more 
volatile portion is expelled (see 111). Then the flat side of the 
object just prepared is held upon this balsam until the latter 
becomes cool and hard ; and when thus securely fastened, the 
specimen is rubbed down on an oil-stone to any required de- 
gree of thinness. It is removable from the slide b}' oil of 
turpentine, and can afterwards be mounted in a fresh portion of 
balsam or of benzol-balsam (see 112). 

496. The contents of the parenchyma cells of fruits depend 
very largely on the degree of maturity of the fruit. Changes in 
the contents go on from the formation of the fruit until it is fully 
ripe. In some of the more common cases these consist largely 
in the production of various sugars, especiall}'^ that which is 
known as fruit-sugar; and organic acids, for instance, citric, 
tartaric, and malic acids. A consideration of these changes 
belongs to Part II. 

497. The coloring-matters in fruits, like those in flowers, ai*e 
either color-corpuscles (chromoplastids) , or substances dissolved 
in the cell-sap. In a few cases the walls of the cells them- 
selves have more or less color. 
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498. The berries of a common house-plant, Solanum Pseudo- 
capsicum, furnish excellent material for the examination of the 
coloring-matters of fruits. The following account, condensed 
from Kraus,^ will show the essential characters of the color- 
granules in this case, and it should be compared with what has 
been alread}' said about the structure of chlorophyll granules 
and leucoplastids (168 et seq,), as well as with the account of 
the chromoplastids in the parts of flowers (477). 

A section through the ripe pericarp shows that it consists of 
twenty to thirty or more layers of cells, in most of which color- 
granules occur. In the outermost cells the granules closely 
resemble both in form and structure ordinaiy gi*anules of chloro- 
phyll. In some of the granules the coloring-matter is evenly 
diffused through the whole mass, while in others it is confined 
to some one part, the rest of the granule remaining without color 
of any kind. In these cases the colored and the uncolpred parts 
are not very sharply divided from each other. 

499. Other granules less like clilorpphyll-granules occur, in 
which there is a sharp demarcation between the colored and 
uncolored parts ; such have been shown to be vacuolar, the 
vacuoles assuming widely different shapes. These are abundant 
in the cells which lie five to eight layers, or rather more, from 
the outside. 

In some of these the colored portion appears spindle-form or 
sickle-form, in others curved twice, like the letter S. It fre- 
quently happens that several of these long granules are placed 
end to end, forming an irregular chain. 

500. In the part of the berry which envelops the seeds the 
color-gi-anules are extremely slender, and needle-shaped.^ All 
of the granules lie in the protoplasm; usually in greatest 
number in that lining the walls, and immediately around the 
nucleus. 

501. Occasionally in the larger pericarp-cells roundish col- 
ored objects are met with, which close examination shows are 
nothing but vacuoles in the protoplasm of the cell filled with 
colored sap; sometimes these have been mistaken for the 
granules themselves, but they can usually be distinguished from 
them without difl3culty, on account of the distortion which they 
undergo upon slight pressure. 



1 Erans : PriDgslieim's Jahrb., 1872, p. 131. 

3 Tr^cnl : Ann. des Sc. nat., s^r. 4, tome z, 1858, p. 154. Weiss: Sitz. d. k. 
Akad. Wien, 1864 (Band 1.), and 1866 (Band liv.). 
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THE SEED. 

502. The ripened ovale is the seed. In ripening, the ovale 
undergoes changes in the structure both of the integuments and 
the nucleus. The integuments of the seed answer morphologi- 
cally to the primine and secundine of the ovule ; the outer being 
the testa, or seed-shell, — also called spermoderm or episperm, 
— the inner the tegmen, or endopleura. The nucleus of the 
seed also answers to the nucleus of the ovule. The morpho- 
logical relations of the different parts of the seed have been 
sufficiently treated in the first volume, '^Structural Botany," and 
therefore only the histological features will now be presented. 

503. Considered as a whole, the testa varies greatly in con- 
sistence ; it is in some cases as dense as any sclerotic tissue^ 
while in others it is pulp3% and in others still, membranaceous. 
But it is usually divisible under the microscope into two or more 
lasers, which are not constant in their characters. 

504. The ordlnaiy layers met with in the seeds of most 
agricultural plants have been described by Nobbe ^ in the follow- 
ing terms : 1 . The hard layer, composed generally of palisade 
or staff-like cells of considerable firmness. In Leguminosse it 
is the external la3^er, and its exposed surface is cuticularized. 
In flax and species of Brassica, it is the second, in cabbage 
and mustard, the third laj^er. In a few cases the cells of this 
la3'er are tabular instead of staff-shaped. 2. The mucilaginous 
layer, not present in all the common agricultural seeds, is com- 
posed of cells whose walls have the power of swelling greatly 
when they are placed in water. This la3'er is sometimes found 
in the outer part of the testa, sometimes in the inner. 3. The 
pigment la3'er, which imparts characteristic colors to the coats of 
the seeds of man3' plants, is not constant in the form of the cells. 
The color may reside in the cell-wall, or in the dried contents of 
the cell. Sometimes a few pigment-cells are scattered among 
others of a neutral tint, and even among those which cannot be 
said to have an3^ proper color at all. In some cases one of the 
other layers may contain more or less color. In a few other 
instances the color is not dependent on a pigment layer ; for, as 
Frank* has shown, in the steel-blue seeds of species of Pseonia 
the color is purel3' a result of reflected light, and is in no wise 
due to the presence of any true coloring-matter. The dried 
seeds are dark red or dark brown ; but when thoroughly moist- 

^ Haudbuch der Samenkunde, p. 73. ^ Botanische Zeitung, 1867. 
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ened mth water (or better still in a fresh state), they are dis- 
tinctly blue. 4. The protein layer, the cells of which contain 

granular albuminoid matters. 

The layers jast described are different in different seeds, and 

Bometimes different in 

different parts of the 

same seed-cOat, so that 

the division has really 

little ntilitj'. 
505. The external ia- 

tegnmcnt or testa may 

have well-developed hairs, 

as has been Bhovn in Vol- 
ume I. p. 306. Only odo 

of these cases of hairs 

can be here described; 

namely, those which form 

the felted covering of cot- ^^ 

ton-seeds, and which are 

the "cotton" of commerce. These are slender cells with col- 
lapsed walls. As they ap- 
proach maturity, the cells 
become more or leas twisted ; 
the resulting spiral is that 
which imparts to cotton its 
value as a material for spin* 
i ning. Some other seeds, 
[ notably those of species of 
Asclepias, have long and 
strong hfdrs, but none of 
these have any spiral twist 
which fits them for textile 
purposes. 
Regarding the size of oot- 
]3j ton " fibres " (hairs of the 

seed), the following meas< 

nrements by Ordway are of interest : Maximum length in the 

"sea-island" variety, about two inches (five centimeters); in 



FiQ, 136. Cnss-NCtlaiis ot mtton-nbiw, .J .^, nnmfttnre fibm; S£. bair-DUtai* 
fibres; CC, fully mature fibres; D, Bootlan at flbrs, ihowlns Umlatted celt-nlU. 
(Bowioui.) 

FiQ. 13T. ^, OImbt, Btmctureleu fibre; B, thin, pellacId.lainiataTaBbre; C, half 
mnture fibre, with thin ceU-Kall; £ and ff, fuUr Diatara fibre, with Ki" ' •-■--' -•• 
defined cell-wau. (Bowman.} 
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upland or '^ short-staple" cotton, a little over one inch and a 
half (three and three-fourths centimeters). The greatest width 
of fibre was found to be .0013 inch. A single fibre sustained 
without breaking a weight of 150 grains.^ 

506. It has been shown in Volume^ I. that the seed-coats of 
many Polemoniacese, etc., are furnished with microscopic hairs, 
'^ which come usefully into play in arresting farther dispersion at 
a propitious time or place. . . . The testa is coated with short 
hairs, which when wetted burst, or otherwise open and discharge 
along with mucilage one or more ver}' attenuated long threads 
(spiricles) which were coiled within. These protruding in all 
directions, and in immense numbers, form a limbus of considera- 
ble size around the seed, and evidently must serve a useful end 
in fixing these small and light seeds to the soil in time of rain, 
or to moist ground, favorable to germination, to which they may 
be carried by the wind." The best example of this structure is 
afforded b}' the genus Collomia ; in this the spiricles are long 
and verv numerous. 

507. The nervation of the seed-coats furnishes in many cases 
excellent diagnostic characters, but they need no special re- 
mark histologically. All the formi^ of branching of the fibro- 
vascular bundle of the funiculus indicate that the ovule and 
seed are of the nature of leaflets on the margin of the carpellary 
leaf.« 



. ^ The above measuTements are approximate; those which follow are the 
exact determinations as they are given by Professor Ordway in the Tenth 
Census of the United States. 

Length of fibre. Maximum length found in the "sea-island" variety of 
South Carolina, where it was 1.996 inches. The maximum length of the 
upland or ** short-staple" cotton was 1.669 inches. The minimum of length 
(0.695 inch) was found in North Carolina cotton, grown on a light, sandy 
loam soil. 

Width of fibre. The widest (n^A^ inch wide) was quite short (0.945 inch). 
By far the largest number of wide fibres come from uplands. The "sea-island" 
variety had a width of nf SSw inch. 

Strength of fibre. The strongest specimen examined had a breaking weight 
of 149. 4 grains. Professor Ordway mentions some instances which lead him to 
think that the strength of the fibre may hold some relation to the amount of 
phosphoric acid in the soil where it is grown. 

Weight of seeds and lint. (Maximum weight for five seeds with lint at- 
tached, 22.14 grains.) Light-weight seeds appear to come from sandy soils, 
heavy-weight seeds from heavy and productive soils. 

^ The reader is referred to a memoir by Le Monnier, in Ann. des Sc. 
nat„ s^r. 5, tome zvi., 1872, p. 233, and one by Van Tieghem in same Journal, 
1872. 
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508. The so-called "grains" of the cereals are fraits instead of 
seeds ; the accompaDjing figures exhibit, therefore, not only the 



structure of the integuments of the seeds, but also of the ripened 
ovarian wall. 

509. As shown in the "Stractaral Botany," p^e 309, the 

nucleus of the seed consists of the embryo and its supply of 

' food. If the store of food is wholly 

within the tissues of the embrjo, the 



seed is said to be esalbuminous ; if partly outside of the embryo, 
as, for instance, in the cereals here figured, it is swd to be 
albuminous. The albumen is the supply of food in the nucleus 
of the seed which is not stored in the embryo itself. 

FiQ. 13S. Crosa.sectlon from tha perlpbery of the (hilt of Zea Mal9, blghly mognl- 
fiwi; o, fruit-capsule; b, seel-coatj c, adherent lellular layer; d, Btarch confalnlng 
ftlbumen oCsecd. (B«rg and Scbmldt.) 

Fia. 139. A cTDEa-Bection Itum the jieripherr of the fi-ult of Avona satlva, hlgMf 
magnified : a. chaff; b, f^ult-capeule with the Be^-coat; c. adhcront cellulHr layer; 
d, Btarcli containing albuminoid parenchyma. (Berg and Schmidt.) 

Fio. MO. Croig-MoUon from the periphery of the ftult of Oiyza satlva, highly nmB- 
nified: a, chaff; b, frult-capaule with Beed'Coat ; c, adheTent cellular layer; d, BtATOh 
containing albuminoid parenchyma. (Berg and Schmliit.) 

Fio, 141. CroM-aectlon from the periphery of tlie fruit of Hordeum Tulgare, highly 
magnlded: a, chaff; b, fruit-capeule with the need-coat; c, adherent cellular layer; 
d, atarcb containing albumlnidd parenchyma. (Berg and Schmidt. ) 
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510. The embryo may exist as a duster of parenchyma cells 
without any clear distinction of parts, or it maj' possess a defi- 
nitely formed axis and leaves (see ^* Structural Botany," p. 311). 

The microscopic structure of the nucleus has been illustrated 
in part by the figures of the grains of cereals (see also Fig. 22, 
on page 47), and it has been considered also to some extent in 
the descriptions of the nascent root and the nascent stem in the 
embryo. The study of the development of the embryo within 
the seed belongs to a special subject, which will be treated in 
Part II. under '* Reproduction." It therefore will sufiSce here to 
state that the parenchyma cells of which the nucleus is composed 
contain food materials and protein matters in large amount. 

511. The proper food materials in seeds are chiefly oils and 
starches. The seeds of a large number of plants have been ex- 
amined by NageU^ with reference to the occurrence of starch, and 
the following facts are taken from his extensive treatise : — 



PluBnogami containing 



No starch In the seed 



starch In the albumen, 
not in the embryo 

Starcli in the embryo, 
not in the albumen 

starch in the albumi- 
nous embryo 

starch in the embryo 
and albumen 

starch in the seed 
throughout 



In all species . 

. In a majority . 

In half. . . . 
In a email number 
In all species 

In a majority . 

In half. . . . 



I In all si>ecie8 . 

' In all si>ecieB . 

In a majority . 

In half. . . . 

In a small number 

In all species . 

In a majority . 

In all species . 

Ill a majority . 
1 In half. . . . 
[ In a small number 



Gymno- 
sperms. 
Families. 



8 



1 
2 



Monocoty- 

ledons, 

Families. 



20 



... 



1 

17 

1 



21 



Dicotyle- 
dons. 
Families. 



190 

10 

10 

2 

16 

1 

3 

2 

11 
1 
5 

13 
1 
1 

30 
3 
8 

13 



Total, 
Fatiilies. 



213 

10 

10 

3 

34 

2 

3 



15 
1 
6 

13 
2 
1 

63 
4 
8 

13 



512. The protein granules in seeds are classified by Vines ^ as 
follows : — 



1 Die Starkekoraer, 1858, p. 387. 

2 Proceedings of the Royal Society, vols, xxviii., xxx., and xxxL On 
page 62 of the volume last mentioned the following table of seeds and their 
aleurone grains is given : — 

I. Soluble in water : Paeonia officinalis (type), Ranunculus acris, Aconitum 

Napellus, Nigella damascena, Helleborus foetidus, Amygdalus com- 
munis, Prunus cerasus, Pyrus mains, Leontodon Taraxacum, Dipsa- 
cus FuUonum, Ipomoea purpurea. Phlox Drummondi, Vitis vinifera. 

II. Completely, and more or less readily, soluble in ten per cent NaCl 

solution. 



PROTEIN GBANULBS IN SEEDS. 



Ids 



I. Soluble in water; e. ^., PsBonia officinalis. 

II. Completely, and more or less readily, solable in ten per 

cent NaCl (sodic chloride) solution, 
a. Grains without crystalloids, 
(a.) Soluble in saturated NaCl solution after treatment 

with alcohol or ether ; e. g»^ Fisum sativum. 
(fi.) Soluble in saturated NaCl solution after treatment 

with alcohol, but not after ether; e. g,^ Helianthus 

mnuus. 

rrains with crystalloids. 
I.) Crystalloids soluble in saturated NaCl solution after 

'treatment with alcohol or ether; e. ^., BerthoUetia 

excelsa. 
{P.) Crystalloids soluble in saturated NaCl solution after 

alcohol but not after ether ; e. g,^ Bicinus communis. 



K 



a. Grains without crystalloids, 
(a.) Soluble in saturated NaCl solution after treatment with alcohol or 

ether : Lupinus hirsutus (type), Vicia Faba, Pisum sativum. Phase- 
olus multiflorus, Allium Cepa, Iris pumila (var. atrocoerulea), Colchi- 
cum autumnale, Berberis vulgaris, Althsea rosea, Tropaeolum majus, 
Mercurialis annua, Empetrum nigrum, Primula officinalis. 
(j3.) Solable in saturated NaCl solution after alcohol, but not after 
ether : Helianthus annuus (type), Platycodon (Wahlenbergia) grandi- 
flora, Sabal Adansoni, Delphinium cardiopetalum, TroUius Europeeus, 
Actea spicata, Caltha palustris, Aquilegia vulgaris, Dianthus Caryo- 
phyllus, Brassica rapa, Lepidium sativum, Medicago sativa, Lariz 
europsea, Cynoglossum officinale, Spinacia oleracea. 

b. Grains with crystalloids, 
(a.) Crystalloids soluble in saturated NaCl solution after treatment 

with alcohol or ether : BerthoUetia excelsa (type), Adonis autumna- 

lis, -^thusa Cynapium, Digitalis purpurea, Cucurbita Pepo. 
(fi.) Crystalloids soluble in saturated NaCl solution after alcohol, but 

not after ether : Ricinus communis (type), Datura Stramonium, 

Atropa Belladonna, Elais Guineensis, Salvia officinalis, Taxus bac- 

cata, Pinus Pinea, Cannabis sativa, Linum usitatissimum, Viola 

elatior, Ruta graveolens, Juglans regia. 
III. "^^rtially soluble in ten per cent NaCl solution. 
a, EniS§ly soluble in one per cent sodic carbonate solution : Pulmonaria 

moUXOmphalodes longifiora, Borago caucasica, Myosotis palustris, 

Clarkia pulchella. 
Entirely soluble in dilute potassic hydrate, 
(a.) Grains without crystalloids : Anchusa officinalis, lithospermnm 

officinale, Echium vulgare, Heliotropium Peruvianum, Lythrum 

Salicaria. 
(p.) Grains without crystalloids: Cupressus Lawsoniana, Junipems 

communis. Euphorbia Lathyris. 
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III. Partially soluble in ten per cent sodic chloride solution. 

a. Entirely soluble in one per cent sodic carbonate solu- 

tion ; e, g.y Clarkia pulchella. 

b. Entirely soluble in dUute potassic hj^drate. 

(a.) Grains without crystalloids ; e, g,, Lj'thrum Salicaria. 
(fi.) Grains with crystalloids ; e,g.<y Juniperus communis. 

513. The appendages of the seed known as the stropliiole (at 
the base of the seed), the caruncle (at the micropyle or orifice), 
and the membranaceous and pulpy forms of arillus (see Vol- 
ume I. pages 308, 309) do not call for further remark. 

The separation of the fruit at maturity, and the separation of 
the ripened seed as well, are due to changes analogous to those 
described in 458, under the '^ Fall of the Leaf." Some of the 
special forms of mechanisms by which the detachment occura 
may be examined in Part 11., under '^ Dissemination." 



CHAPTER V. 

PHYSIOLOGICAL CLASSIFICATION OF TISSUES. 

DIVISION OF LABOR IN THE PLANT. 

514. The simplest plant, a green cell living in water, pos- 
sesses all the appliances needful for the work of vegetation ; 
namely, a protoplasmic bod}'" containing chlorophyll, and, a cell- 
wall protecting it. It finds in the water in which it floats, and in 
the sunlight to which it is exposed, everything requisite for its 
full activity. 

515. Its work is twofold : First, that which it does not share 
with the animal, and which may therefore be called the proper 
office of the plant, — the production of organic matter out of 
inorganic materials, under the agency of light. This work is 
dependent upon the presence of chlorophyll in the cell, and is 
known as Assimilation. Second, that which the animal like- 
wise can perform, — the conversion into various forms of ac- 
tivity of the energy stored up in food. This takes place in the 
protoplasm, whether chlorophyll be present or absent. 

516. In a spherical cell isolated from others and leading an 
independent existence, floating free in the water, and therefore 
presenting no one part exclusively to the light, there is very 
slight if indeed any division of labor. One part of its cellulose, 
protoplasm, or chlorophyll has the same work to perform and is 
substantially under the same conditions as any other part. But 
if the cell becomes one of many aggregated to form a mass of 
tissue, its relations to its surroundings are not the same as be- 
fore, for its exterior is no longer equally exposed either to water 
or to light. The cells in the interior of such a mass must derive 
their supply of material from without through the agency of the 
neighboring cells ; hence division of labor begins. Inspection 
of the mass shows that some of its cells have the office of ab- 
sorption, others that of assimilation, others that of treasuring 
up the products of manufacture, etc. With this incipient divi- 
sion of labor there are also notable changes in the form of cells, 
by which a more complete adaptation to a particular kind of 
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work is secared. These adaptations are as marked in the inter- 
nal anatomy as in the external configuration. 

517. The parts of a living being which have definite kinds of 
work to do are known as organs^ (cf. epyov, work). Since they 



^ The organs of the higher plants are reducible to three members ; that is, 
three types of structure, which bear to each other definite relations of position 
and sequence of appearance. These members are the root, stem, and leaf, — to 
which some add also the plant-hair. In Sachs's Yorlesungen, the number of 
members is given as two ; namely, root and shoot. 

In their very youngest state all the modified leaves upon a given plant are 
indistinguishable from each other ; the leaves which are to become petals, 
stamens, leaf-traps, or tendrils, are like those which are to be ordinary foliage. 
The same is true of modified stems and modified roots ; however diverse in 
shape and function the modified stems or branches of a plant may finally be, 
they are at their very beginning precisely alike. 

In the determination of the rank of an organ, that is, its reference to one of 
the three plant-members already enumerated, the following criteria are em- 
ployed : (1) its position with respect to other parts ; (2) its nascent condi- 
tion ; (3) its presence or absence in organisms obviously allied to the one in 
which it occurs, its rank in these not being obscure. 

So far as the organs seen by the naked eye are concerned, it is seldom that 
any serious difi&culty exists in the application of at least one of these criteria 
to the determination of their rank, and it is generally possible to use more 
than one. But it is different in the case of the histological organs, for (1) the 
position can be made out only in sections of the given part ; (2) their early 
nascent condition is the simple cell, common to all tissues ; (3) it is not easy 
to determine whether an organ exists in a rudimentary form in allied organisms 
or is wholly absent from them. 

It is so difficult to apply these criteria to the study of tissues, and the 
results obtained are so contradictoiy, that there is no complete agreement 
among botanists as to what constitutes a histological member except the sim- 
ple cell itself. In fact, as stated in 191, it is doubtful whether with the 
material now at hand it would be possible to construct a satisfactory system 
of tissue elements or histological organs upon a purely morphological basis. 
Even in the systems which most nearly approach this there are some physio- 
logical notions which have affected a few of the minor divisions. 

A classification of tissues upon the basis of physiology alone is open to 
serious objections ; one kind of work in the plant can be performed by diverse 
tissues, and on the other hand one kind of tissue can perform more than one 
kind of work. This is illustrated by the structural elements through which 
mechanical ends are reached ; the long bast-fibres, woody fibres, coUeuchyma, 
and short sclerotic parenchyma, — very diverse elements, but accomplishing the 
same result. Yet one of these, namely, the woody fibres, is among the most 
important of the elements by which crude liquids are carried through the 
plant. 

Moreover, in the examination of the minute structure of a part it is not 
easy to discriminate between the different offices which one of its given ele- 
ments may fill, because the element is associated with so many others in the 
formation of a complex organ. 
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are parts of a whole, — the organism, — they must have definite 
relations to each other as regards position and office. 

518. The relations of origin and position, so far as the organs 
of the plant are concerned, are discussed in the first volume ; 
the relations of origin and position of the component parts of 
their structure have occupied the earlier portion of the present 
volume. From a review of the facts there presented, it appears 
that any given part may subserve different ends ; for instance, a 
leaf may carry on its proper work, namely, that of assimilation, 
and at the same time mav aid as a tendril, and, in the case of 
Nepenthes, as a stomach for digestion. On the other hand, it 
is equally clear that the same kind of work may frequently be 
performed by different parts. For instance, the proper work of 
the leaf can be carried on b}' any green tissue ; not merely in 
proper leaves, but in the cortex of young stems, and even in the 
t)uter tissues of young roots of certain aerial plants. It is there- 
fore sometimes advantageous in Vegetable Physiology to distin- 
guish between systems of tissues having different offices, rather 
than between organs which are often masses of heterogeneous 
tissues. 

519. Among the systems of classifications of tissues chiefly 
upon a phj'siological basis is that of Haberlandt, which is as 
follows : — 

A, The Protective System. ^ 

1. Of the surface (Epidermis, cork, and bark). 

2. Of the skeleton (Bast-fibres, libriform cells, coUenchyma, 

and sclerotic parenchyma) . 

B. The Nutritive System. 

1. Absorbing system (Epithelium of roots and the root- 

hairs ; absorbing tissue of haustoria, etc.). 

2. Assimilating system (Chlorophyll parenchyma, both pali- 

sade and spongy). 

3. Conducting system (Conducting parenchyma, vascular 

bundles, latex cells and tubes). 

4. Storing system (Reserve-tissues of seeds, bulbs, and 

tubers; water- tissue, etc.). 

5. Aerating system (Aeriferous intercellular spaces, together 

with their external openings, stomata and lenticels). 

6. Receptacles for secretions and excretions (Glands, oil, 

resin, and mucus canals, crystal-sacs, etc.)* 

To these might be added the gi'oups of tissues concerned in 
reproduction. 
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MECHANICS OF TISSUES. 

520. In Haberlandt's classification ^ the tissues having a me- 
chanical office to fill are brought into one group, which is then 
subdivided into (1) those tissues which protect the softer tissues 
of the interior from the harm which would result from exposure, 
and (2) those which hold the soft tissues in place. An exami- 
nation of the work performed by tissues may accompany an in- 
vestigation of the work by organs themselves ; in the examina- 
tion of the work of organs in Part II. the necessary facts relative 
to their structure will be presented. 

521. Those tissues which serve simply to impart strength to 
the plant belong almost as much to lifeless as to living parts, and 
can best be examined before the subjects of phj'siology are taken 
up. The present division has for its object the consideration of 
that which in Haberlandt's classification is called the skeleton, 
and which is known to serve chiefly mechanical ends. 

522. In the case of a water-plant, for instance an alga, which 
has about the same specific gravitj' as the water in which it is 
borne, no special mechanical support is demanded. Its own. 
buoyancy suffices to keep the structure as a whole in place; 
while the different parts of the simple organism have a degree of 
stability which enables them to resist the action of the waves. 
As might be expected, «uch an organism can attain a very great 
size ; for instance, Macrocystis pyrifera of the Southern Pacific 
Ocean has been known to measure nearly one thousand feet, and 
less trustworthy measurements have been recorded which far 
exceed this. In this and other water-plants the medium which 
buoj'S the plant up takes the place practically of any internal 
framework. 

523. A land-plant, existing in a far lighter medium than the 
water-plant, must have a definite mechanical support. Those 
species of Calamus which furnish the " rattan " of commerce pos- 
sess a terminal shoot from which are unfolded in rapid succession 
strong leaves armed with recurved hooks. Having reached the 
thickly clustering tops of a tropical forest, the terminal bud de- 
velops its leaves, and these cling with tenacity to the branches 
upon which they rest, so that the mechanical support is afforded 
in this case by the vegetation beneath. Thus supported, the ex- 
tension of the shoot is indefinite, so that examples of Calamus 

^ Physiologische Pflanzenanatomie (Leipzig, 1884). 
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with a length of 300 feet are not uncommon, and some figures 
much higher than this are noted. 

524. In both the above cases the extraordinary size has been 
attained with very Uttle expenditure of material for mere me- 
chanical support. The same is true, although in a less striking 
because a more familiar manner, in our ordinary twining and 
climbing plants ; other plants or outside supports of some kind 
being necessary to bring their stems and leaves into the best 
relations to their surroundings. But what tissues serve to keep 
erect or in position the larger plants which are not water-plants 
or climbers ? What tissues seiTC mainly mechanical ends ? 

525. The subject was extensively investigated, so far as 
monocot3-ledonous plants are concerned, b}'^ Schwendener,^ in 
1874, since which time some important additions have been 
made. According to Schwendener, the mechanical elements 
in the plant are (1) bast-fibres, (2) libriform cells and fibres, 
(3) coUenchyma cells. That these are the chief elements of 
strength, especially in monocotj^ledonous plants, appears from 
his instructive experiments, which have been repeated by others. 
Strips, 150 to 400 mm. in length and about 2 to 5 mm. wide, were 
carefully taken from stems or leaves and immediately fastened 
in a vise at one end, the other end being firml}'^ gi^asped by strong 
pincers to which weights could be attached at will. Behind a 
strip, vertically suspended from the visfe, a measuring-bar was 
placed, so that any elongation of the strip under tension could be 
accurately measured. After the apparatus was properly adjusted, 
a small weight was attached to the pincers, the elongation of 
the strip observed, and the weight then removed in order to see 
whether the strip recovered its original length. Up to a certain 
point the recover}' was found to be complete ; bej'ond this point 
the elasticity was lost, and not again regained. 

526. Strips from the middle part of the leaf of Phormium 
tenax, 390 mm. long and 1.5 to 2 mm. wide, were placed in the 
apparatus and subjected to the action of a weight of 10 kilograms. 
They became 5 mm. longer, but on removal of the weight were 
found to recover their original length ; in other words, they re- 
mained perfectly elastic under this weight. A weight of 15 
kilograms broke the strips into two parts. These strips con- 
tained only Gve fibro-vascular bundles, with an amount of bast 
which was believed to be about half a square millimeter in cross- 

^ Das mechanische Princip im anatomischen Ban der Monocotylen (Leipzig, 
1874). 
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sectkuu From this experiment Schwendener places the strength 
of the bast of Phormium tenax at 20 kilograms per square milli- 
meter.^ 

527. The tables in the notes show that good bast equals good 
iron in its tensile strength within the limits of daaticity, while in 
its breaking-weight it is greatly exceeded by the latter. Schwen- 
dener well remai*ks that Nature has given her whole care to pro- 
Tiding that these mechanical elements should be strong within 
the limits of elasticity, and with good reason ; for beyond those 
limits the plant gains nothing by greater strength. Attention is 
called also to the great difference between bast and the metals 
with regard to their elongation under weight. 



^ The results of experiments made with the bast of various plants in the 
manner described are given below. Most of the cases cited are fh>m Schwen- 
dener ; others are from Haberlandt (Physiologische Pflanzenanatomie, p. 105). 
The determinations for metals are from Weisbach. 



Name. 



Phormiom toiax 
« tt 



FritiUaria imperlaliB . . . . 

liliam auratum 

JnbflBa spectabilis ....*.. 
Dasylirion longifolinm . . . . 

Dracflana Indlvisa 

Hyaclnthas orientaliB .... 

Alliam Po];rara 

Poljtrichum Jantperlnom (stem) 
" ** (Mta) 

Papvriu antiqaorum . . . . 

Molinia oGBrulea 

Pinoenectia recurvata . . . . 

Dianttaufl capitatuB 

Secale oereale 



Elonsatlon 
parts. 



j£ionsai 
In 1000 p 



13. 
14. 
12. 
7.6 
12.6 
13.3 
17. 



15.2 

11. 

14.6 
7.5 
4.4 



Tensile strength in 

kilograms per eq. 

nun. (within limits 

of elasticity). 



16. 

« • 

19. 

20. 

17.6 

17. 

12.3 

14.7 



20. 
22. 
26. 
143 
15 to 20 



Breaking- 
weight in 
kilograms 
per sq. 
mm. 



26. 



21 j6 
21.8 
16.3 
17.6 

7.6 



These should be compared with the results of determinations made with 
other materials : — 



Name. 



Malleable iron In rods 
" " in wire . 

" " In plate . 

Hammered Carman steel 

Brass 

Brass wire 

Cast zinc 

Copper wire 

Snver 



Elongation in 


Tensile strength 


Breaking-weight 


1000 parts. 


per sq. mm. 


in kilograms. 


.67 


13.13 


40.9 


1.00 


21.9 




.80 


14.6 




1.20 


24.6 


82. 


.76 


4.86 




1.36 


13.3 




.24 


2.3 




1.00 


12.1 




... 


IL 


29. 
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528. The strength of other tissues besides bast has been meas- 
ured ; thus Ambronn assigns to collenchj'ma a breaking- weight of 
12 kilograms per square millimeter, and these cells become per- 
manently elongated under a weight of from 1.5 to 2 kilograms. 

Haberlandt found that the breaking-weight of the internal 
^^ thread " of the common graybeard lichen, Usnea barbata, is 
1.7 kilograms per square millimeter, but that this thread could be 
stretched to double its length before breaking. The breaking- 
weight of cotton fibre is calculated to be between 18 and 20 
kilograms per square millimeter, and that of the seed-hair of 
Asclepias Syriaca not far from 40 kilograms. 

529. Examination of any of the figures of fibro-vascular 
bundles given in Part I. shows how well their elements are dis- 
tributed in order to secure the greatest strength with economy of 
material. To the elements which impart strength to a bundle 
Schwendener has given the name sterecnn ; to the other parts of 
the bundle, mestom ; thus the fibres are stereom elements, the 
ducts are mestom elements. 

530. The striking adaptations^ of the fibro-vascular bundles 
to serve as light and verj' strong building materials in the plant 

1 The following table from Schwendener, with a few illustrative examples, 
is given to serve as a guide to the student in tracing out a few of these adapta- 
tions : — 

Distribution of Mechanical Elements in Monocotyledons. 

I. In cylindrical organs. 

1. System of subepidermal nerves of bast. Simple fascictes of bast lie 

under the epidermis. 
First type. Arum, Arissema. 
Second type. Petioles of Colocasia and Alocasia. 

2. System of compound peripheral girders. Subepidermal fascicles of bast 

unite with those which lie more deeply to form girders in which 
the "web" or binding- tissue is partly mestom, partly parenchyma. 

Third type. Stems of Scirpus csespitosus and Eriophorum alpinum. 

Fourth type. Stems (above ground) of Cyperus altemifolius. 

Fifth type. Stems of Schoenus nigric-ans. 

Sixth type. Stems of Juncus effusus. 

Seventh type. Carex lupulina. 

Eighth type. Scirpus lacustris. 

Ninth type. Isolepis paucifiora. 

Tenth type. Cladium Mariscus. 

3. System characterized by a nerved hollow cylinder, the nerves of 

which are united with those at the epidermis. . 
Eleventh type. Many grasses ; «. 9., Alopecurus pratensis. 
Twelfth type. Panicum Crus-galli. 

4. System of peripheral bast-fascicles strengthened by mestom. 
Thirteenth type. Zea Mais. 
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f^re seen plainly when the distribution of the bundles in the stems 
of monocotyledons is examined in cross-section. In many cases 
the shape of the section of the bundle is nearly that of the 
well-known " I " or " H " beam or girder. In the most clearly 
marked instances the stereom portion is well developed on 
both sides of the mestom, and thus forms the '^flanges" or 
"plates," while the mestom is the ''web;" the stereom has 
therefore to bear either compression or tension, according to 
the bending of the part. It will further be observed that in all 
cases the beam is placed with respect to the rest of the stem, so 
as to insure the greatest efficiency of the stereom portion. 

But it is only upon a careful examipation of the many ihethods 
of arrangement of the stereom and mestom in the bundles 
of diverse forms of dicotyledonous stems, together with an ex- 
amination of the arrangement of the bundles themselves with 
respect to the surrounding tissues, that the adaptations of the 
various elements to strength can be fully appreciated. 

The modes of distribution of the stereom and mestom met 
with in monocotyledons are so numerous that they cannot be 
reduced to a few tj-pes ; their diversity is so great that the}' can 
only with difficulty be brought into any system of classification. 



5. System of subcortical fibro-vascular bundles with strongly marked 

bast development. 
Fourteenth type. Bambusa species. 
Fifteenth type. Palms. 
Sixteenth type. Yucca. 
Seventeenth type. Musa. 
Eighteenth type. Maranta. 

6. System of subcoi-tical fibro-vascular bundles united tangentially. 
Nineteenth tj'pe. Juncus Gerardi. 

7. System characterized by a simple hollow cylinder with imbedded or 

attached fascicles of Mestom. 
TwentietTi type. Commelynaceae. 
IL In bilateral organs. 

1. System of subepidermal girders. 
First type. Leaves of Cyperus. 

Second type. Middle part of leaves of Zea. 
Third type. Leaves of Musa. 
Fourth type. Leaves of Tradescantia. 
Fifth type. Leaves of Pardanthus. 

2. System of internal girders. 

Sixth type. Leaves of Cypripedium. 
Seventh type. Petiole of Aspidistra. 

3. System of complex girders : subepidermal nerves of bast combined 

with interior girders. 
Eighth type. Petioles of many palms. 
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531. The distribution of material in the skeleton of a ligneous 
dicotyledonous plant is somewhat different from that in a mono- 
cotyledon.^ More of the mechanical work falls on the proper 
wood, but even here in some cases the bast serves an important 
purpose. 

532. The data for calculating the strength of the wood}^ stem 
and branches of a dicotyledonous plant are to be found in vari- 
ous works on mechanical engineering ; but it is to be borne in 
mind that the figures given for timber are usually based on ex- 
periments with dr^^ heart- wood. 

533.. The trunk is to be regarded as a column bearing the 
weight of the whole crown of branches, each of these being a 
tapering beam supported at one extremity. The crushing-weight 
the crown exerts upon this column is far within the limits of 
safet}^ even when the liability of the trunk to be much bent and 
twisted b\' high winds is taken into account. The branches at 
their point of union with the trunk form different angles in 
different plants,^ and this angle must be taken into consideration 

1 Distribution of Mechanical Elements in Dicotyledons. 

1. With bast in the bark. 

First group. Axial organs when young have an unbroken ring of bast ; 

in much older stems this is interrupted or cast off. Aristolochia. 
Second group. Axial organs with a layer of bast-bundles which is 

thrown off later. The bast-bundles form the first mechanical system, 

which is soon replaced by the ring of wood. Nerium Oleander. 
Third group. With simple ring of bast-bundles in first year, later with 

isolated bast- fibres. iEsculus Hippocastanum. 
Fourth group. With strong bast, even when far advanced. Tilia. 
Fifth group. With subepidermal bast-nerves. Russelia. 

2. With transition to an intra-cambium ring of libriform cells. 

Sixth group. The cambium of the bundle^ lies partly outside, partly 

inside the mechanical ring, or is imbedded therein. Gaillardia. 
Seventh gi*oup. Isolated vascular bundles. Silphium perfolit^tum. 

3. Intra-cambium librifonn ring without medullary rays. 

Eighth group. Without bast on the outer side of the cambium or cam- 

biform layer. Impatieus Nolitangere. 
Ninth group. With larger or smaller amounts of bast on the outer side 

of the cambriforni. Urtica dioica. 
Tenth group. In the libriform elements all shades of transitions to 

ducts. Mirabilis Jalapa. 

4. Intra-cambium libriform ring with parenchyma rays. 
Eleventh group. Rays formed of elongated cells. Vinca major. 
Twelfth group. Typical dicotyledons with medullary rays. 

2 McCosh has given the angles in a large number of plants, a few of which 
are here cited : Ash, 60°; horse-chestnut, 50° -55°; alder, 50°; elm, 50°; oak, 
large branches, 60°, small branches, 65°- 70° ; beech, 45°; linden, 40°. He calls 
attention to the fact that in these and many other cases the angle at which the 
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